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GEORGE  HAROLD  DREW. 

(1881-1913.) 

George  Harold  Drew,  only  son  of  George  Drew,  of  Devonshire,  England, 
was  bom  on  October  23,  1881,  and  died  suddenly  on  January  29,  1913. 

From  early  boyhood  chemistry  and  microscopy  fascinated  him,  and 
while  yet  a  child  he  studied  in  a  disused  stable  on  his  father's  place,  which 
was  made  to  serve  as  a  rough  laboratory. 

Until  the  age  of  ten  he  was  taught  by  his  mother,  and  then  he  was  sent 
to  New  Collie,  Eastbourne,  Sussex.  Being  deeply  interested  in  the  scien- 
tific side  of  medicine,  he  entered  Cambridge  University,  where  he  became  a 
scholar  of  Christ's  College,  and  gained  the  distinctions  of  Exhibitioner, 
Foundation  Scholar,  and  Prizeman,  afterwards  becoming  Schreiner  Uni- 
versity Scholar,  and  a  student  at  Exeter  Hospital.  During  his  five  years 
at  Cambridge  he  took  the  entire  medical  course,  but  afterwards  decided 
to  devote  his  life  to  research,  inclination  leading  him  to  choose  the  scientific 
side  of  his  profession  rather  than  to  engage  in  its  active  practice. 

After  leaving  Cambridge,  he  served  for  a  year  as  University  Scholar  of 
St.  Mary's  Hospital,  London,  and  subsequently,  after  working  for  a  short 
time  at  the  Port  Erin  Marine  Laboratory,  he  went  to  Plymouth  and  associ- 
ated himself  with  the  Marine  Biological  Laboratory,  wherein  most  of  his 
scientific  work  was  accomplished.  He  was  one  of  those  chosen  by  Captain 
Scott  to  serve  upon  the  scientific  staff  of  the  British  Antarctic  Expedition, 
but  he  declined  the  honor,  preferring  not  to  break  the  continuity  of  hia 
studies  at  Plymouth. 

From  1910  until  1912  he  held  a  Beit  Memorial  Fellowship  for  Medical 
Research  in  cancer;  in  the  summer  of  1912  he  was  appointed  John  Lucas 
Walker  research  student  in  the  University  of  Cambridge,  and  on  January 
I,  1913,  he  became  a  Research  Associate  of  the  Department  of  Marine 
Biology  of  the  Carnegie  Institution  of  Washington. 

His  connection  with  the  Carnegie  Institution  of  Washington  began  in 
191 1,  when  he  accompanied  the  expedition  to  Jamaica,  afterwards  studying 
at  the  Tortugas,  and  upon  a  second  visit  to  America  in  1912  he  spent  a 
month  at  the  temporary  laboratory  established  at  Golding  Cay,  Andros 
Island,  Bahamas. 

He  was  to  have  been  a  member  of  the  projected  expedition  to  Torres 
Straits,  Australia,  in  1913,  and  his  preparations  were  being  matured  at  the 
time  of  his  sudden  death. 

The  saddest  losses  that  the  world  sustains  are  often  those  it  heeds  the 
least,  and  all  who  knew  him  realize  that  this  young  man,  with  his  keen 
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insight  for  research,  his  broad  culture,  and  well-rounded  special  training, 
was  destined  to  become  one  of  England's  great  men  of  science — a  position 
which  his  rare  personal  charm  would  not  only  have  graced,  but  would  have 
rendered  him  powerful  for  advancing  the  intellectual  welfare  of  his  country. 

In  1910  he  carried  out  some  interesting  observations  upon  the  repro- 
duction and  early  development  of  the  kelp  (Laminaria)  of  the  coast  of 
Devonshire,  proving  that  there  is  an  alternation  of  generations  in  the  life 
cycle  of  this  seaweed;  for  the  free-swimming  sexual  cells  fuse  in  pairs  and 
then  settle  down  upon  the  bottom  and  develop  into  a  chain  of  cells,  any 
single  cells  of  which  may  develop  into  a  Laminaria  plant. 

His  published  works  cover  a  period  of  only  four  years,  yet  in  this  brief 
time  he  was  the  author  or  joint  author  of  fifteen  papers. 

His  earliest  paper,  in  1909,  is  upon  parasitic  and  other  diseases  of  fish, 
in  which  he  describes  various  forms  of  tumors  and  cancers. 

This  paper  was  followed  by  one  of  an  experimental  nature  written  in 
association  with  de  Morgan  as  its  joint  author,  and  it  was  shown  that,  in 
Pecten,  injurious  bodies  implanted  in  the  tissues  soon  become  surrounded 
by  an  agglutinated  layer  of  blood-corpuscles  and  these  are  replaced  by  a 
mass  of  fibrous  tissue  which  encapsules  the  foreign  body  very  much  as  such 
bodies  are  incased  by  mesenchyme  in  injured  vertebrates. 

In  191 1  Drew  announced  that,  as  a  result  of  injury,  cysts  lined  by 
columnar  ciliated  epithelium  could  be  formed  from  the  fibroblasts  in  Pecten. 
He  also  found  that  the  blood  corpuscles  of  JL^mellibranchs  are  capable  of 
ingesting  and  destroying  bacteria,  and  that  if  the  animal  be  wounded  so 
that  blood  escapes,  some  of  the  corpuscles  adhere  to  the  cut  surfaces  and 
then  send  out  slender  processes  which  fuse  with  those  from  other  corpuscles, 
thus  forming  a  net-work  the  fibers  of  which  finally  contract  and  close  the 
wound. 

He  also  found  that  the  repeated  application  of  a  strong  solution  of  iodine 
to  a  circumscribed  area  of  the  skin  of  Fundulus  produces  an  inflammatory 
tumor  having  some  relation  to  certain  abnormal  growths  seen  in  nature  in 
fishes. 

While  at  Plymouth  the  subject  of  the  cause  and  nature  of  tumors  and 
cancers  engaged  his  major  interest,  and  he  did  much  histological  work  upon 
the  fate  or  growth  of  transplanted  tissues.  His  last  work  was  upon  the 
culture  of  living  tissues  from  the  frog  and  the  dogfish  in  plasma  outside  the 
body  of  the  animal.  In  this  study  he  achieved  decided  success,  having 
with  his  usual  ingenuity  devised  an  improved  technique  which  enabled  him 
to  grow  tissues  upon  microscope  slides  free  from  bacterial  contamination. 
The  paper  describing  these  results  was  completed  only  a  few  days  before 
he  died  and  is  published  in  the  Journal  of  Pathology  and  Bacteriology, 
Cambridge. 

Some  of  his  most  interesting  work,  however,  was  done  while  associated 
with  the  Department  of  Marine  Biology  of  the  Carnegie  Institution  of 
Washington. 
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In  1910  Sanford,  and  also  Vaughan,  published  the  conclusion  that  a 
considerable  portion  of  the  calcareous  muds  in  the  bays  and  sounds  of 
southern  Florida  were  precipitated  out  of  the  sea-water  in  some  unknown 
manner.  It  remained  for  E>rew,  in  191 1,  to  discover  that  there  is  in  the 
warm  surface  waters  of  the  West  Indian  and  Florida  region,  and  especially 
in  the  limestone  mud  itself,  a  bacillus  which  deprives  the  sea-water  of  its 
nitrogen,  thus  causing  the  calcium  to  combine  with  the  dissolved  carbon 
dioxide  and  to  form  the  finely-divided  limestone  mud  so  characteristic  of 
coral-reef  regions.  Drew  isolated  this  bacillus  and  found  that  it  became 
inactive  in  even  moderately  cold  water,  and  thus  it  functions  only  in  warm 
or  tropical  seas,  thriving  best  at  depths  of  less  than  100  fathoms.  In  the 
surface  waters  of  the  Bahamas  and  Florida  it  is  the  most  abundant  marine 
bacillus. 

Drew  hoped  to  continue  these  studies  and  to  extend  them  to  the  Pacific, 
for  this  calcium  precipitation  is  an  important  factor,  and  has  resulted  in  the 
formation  of  vast  beds  of  limestone  apparently  far  greater  in  bulk  than  that 
formed  by  corals. 

The  complex  problem  of  the  chemical  balance  of  the  constituents  of  sea- 
water  and  their  solvent  powers  under  various  conditions  was  being  enthusi- 
astically considered  by  Drew,  and  had  he  lived  it  was  the  hope  of  this  Labo- 
ratory that  he  might  have  had  exceptional  opportunities  to  continue  these 
studies — for  truly  he  was  the  exceptionally  brilliant  man,  for  the  coming 
of  whose  like  again  the  world  must  wait,  we  fear,  for  many  years,  for  there 
are  but  few  in  each  generation  who  are  gifted  with  his  rare  genius  for 
research. 

Alfred  Goldsborough  Mayer. 
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ON  THE  PRECIPITATION  OF  CALCIUM  CARBONATE  IN  THE  SEA  BY 
MARINE  BACTERIA,  AND  ON  THE  ACTION  OF  DENITRI- 
FYING BACTERIA  IN  TROPICAL  AND  TEMPERATE  SEAS. 


By  G.  Harold  Drew. 


INTRODUCTION. 


The  investigations  described  in  this  paper  were  made  in  the  summers  of 
191 1  and  1912  under  the  auspices  of  the  Carnegie  Institution  of  Washington. 
The  original  intention  was  to  study  the  action  of  marine  denitrifying  bacteria 
in  tropical  seas.  The  discovery,  during  the  course  of  the  experiments,  that 
these  denitrifying  bacteria  also  possess  the  power  of  precipitating  calcium 
carbonate  from  soluble  calcium  salts  present  in  sea-water  has  perhaps,  by  its 
geological  significance,  somewhat  overshadowed  the  interest  of  the  primary 
object  of  the  work.    The  main  contentions  raised  in  this  paper  are: 

(i)  That  in  the  seas  of  the  American  tropics  bacteria  exist  which  are 
actively  precipitating  calcium  carbonate  from  the  calcium  salts 
present  in  solution  in  sea-water.  It  is  suggested  that  this  bacterial 
action  has  been  a  very  considerable  factor  in  the  formation  of 
chalk  and  many  other  varieties  of  sedimentary  rock,  chiefly  or  in 
part  composed  of  calcium  carbonate.  It  is  also  contended  that 
the  vast  deposits  of  chalky  mud  now  being  formed  to  the  west  of 
the  Bahamas  and  in  the  neighborhood  of  some  of  the  Florida  Keys 
are  precipitated  by  bacterial  agency  and  that  a  similar  process 
plays  an  important  part  in  the  cementation  of  fragments  of  coral 
and  other  detritus  into  compact  coralline  rock. 

(2)  That  the  destruction  of  nitrates  by  bacterial  action  in  the  seas  of  the 
American  tropics  is  far  in  excess  of  that  occurring  in  temperate 
waters.  Hence  an  explanation  is  afforded  of  the  relative  scarcity 
of  plant  life  (and  consequently  of  animal  life)  in  tropical  as  com- 
pared to  temperate  seas,  in  accordance  with  the  terms  of  Brandt's 
(2  and  3)*  hypothesis. 

Preliminary  notes  on  this  work  have  already  been  published  in  the 
Tortugas  Laboratory  Reports*  for  191 1  and  1912.  The  chronological 
sequence  of  the  investigations  will  be  followed  in  the  account  given  here  of 
the  experimental  work. 

*  The  fiffims  in  pamtbeses  refer  to  the  btbUographyt  p.  45. 

*  Cun^e  Inftltutkm  of  Washington,  Year  Boole  No.  10, 191X.  PP>  136-141;  Year  Boole  No.  ix.  1912.  PP' 
136-X44. 
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GENERAL  CX)NS1D£RAT10NS  AND  PREVIOUS  WORK. 

It  is  generally  conceded  that  the  plankton  of  tropical  and  subtropical 
seas  IS  far  less  in  quantity  than  that  found  in  colder  waters.^  The  zoo- 
plankton  depends  ultimately  for  its  food  on  the  phyto-plankton;  hence  any 
factor  limiting  the  growth  of  the  phyto-plankton  which  was  capable  of 
exercising  its  influence  in  tropical  and  not  in  temperate  or  arctic  waters 
might  offer  an  explanation  of  this  phenomenon.  It  has  been  shown  by 
various  investigators  that  this  factor  is  not  temperature,  light,  or  salinity, 
and  it  has  been  suggested  that  the  explanation  may  lie  in  the  relative 
deficiency,  in  tropical  seas,  of  the  nitrates  or  nitrogenous  compounds  so 
essential  for  all  plant  life.  A  matter  of  conmion  observation  in  support  of 
this  view  is  the  remarkable  scarcity  of  algal  growth  in  the  shallow  waters  of 
tropical  shores  as  compared  with  that  in  temperate  regions,  and  the  fact 
that  in  the  tropics,  wherever  sewage  or  other  nitrogenous  waste  is  poured 
into  the  sea,  a  free  growth  of  algae  is  found. 

There  is  at  present  no  really  reliable  and  accurate  chemical  method  of 
estimating  the  combined  nitrogen  in  sea-water,  hence  the  above  theory 
can  not  be  directly  put  to  the  test.  On  the  other  hand,  the  existence  of 
denitrifying  bacteria  in  temperate  waters  has  long  been  known,  and  it 
would  seem  a  fair  deduction  that  should  this  bacterial  destruction  of  nitrates 
take  place  with  greater  intensity  and  completeness  in  tropical  than  temper- 
ate waters,  an  explanation  of  the  relative  scarcity  of  phyto-plankton  in  the 
former  would  be  offered.  This  suggestion  was  first  made  by  Brandt  (3) 
in  1901 ,  and  is  universally  known  as  "  Brandt's  hypothesis."  He  enunciated 
It  as  follows: 

If  the  denitrifying  bacteria  of  the  sea,  like  the  closely  investigated  denitrifying  bacteria 
of  the  land,  develop  a  strongly  disturbing  activity  at  higher  temperatures,  only  a  relatively 
«mall  production  (of  phyto-plankton)  would  take  place  in  the  warm  seas  in  spite  of  much 
more  favorable  conditions,  according  to  the  law  of  the  minimum,  owing  to  the  great  dis- 
turbance amongst  the  indispensable  food  substance;  whilst,  in  the  cold  seas,  more  nitrogen 
<x>mpound8  would  be  at  the  disposal  of  the  producers  owing  to  the  retardation  or  suppression 
of  the  disturbing  process.     (From  the  published  English  translation.) 

The  presence  of  denitrifying  bacteria  has  been  demonstrated  in  Kiel 
Bay  by  Baur  (i),  along  the  Dutch  coast  by  Gran  (9),  in  the  open  waters 
of  the  North  Sea  and  Baltic  by  Feitel  (7)  and  Brandt  (2),  and  in  1909  I 
identified  several  of  the  species  described  by  Gran  in  samples  of  water 
obtained  from  the  western  part  of  the  English  Channel.  All  these  d^- 
trifying  species  have  a  higher  temperature  optimurn^  than  that  of  their 
natural  environment  and  this  is  obviously  a  point  strongly  in  favor  of 
Brandt's  hypothesis. 

The  chief  difficulty  in  the  way  of  putting  the  hypothesis  directly  to  proof 
lies  in  the  fact  that  at  present  no  accurate  method  of  determining  the  nitrate 

I  For  the  most  recent  work,  and  full  discussion  of  this  subject,  see  The  Depths  oi  the  Ocean,  by  Munay 
•and  Hjort,  p.  366  et  seq.,  191a.    London. 
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contents  of  sea-water  exists,  and  hence  it  is  impossible  to  correlate  quantita- 
tive plankton  observations  with  direct  analyses  of  the  amount  of  combined 
nitrogen  present  in  sea-water  in  different  localities.  Much  valuable  work 
on  this  subject  has  been  done  by  Raben  (15),  but  he  states  that  his  error 
in  control  experiments  averages  over  30  per  cent.  An  exhaustive  study 
(as  yet  unpublished)  of  all  the  methods  of  estimating  combined  nitrogen  in 
sea-water  as  given  by  various  investigators  has  been  made  by  Mr.  D.  J. 
Matthews,  hydrographer  to  the  Marine  Biological  Association  of  the 
United  Kingdom  and  to  the  Fishery  Branch  of  the  Department  of  Agri- 
culture, etc.,  for  Ireland,  and  he  has  come  to  the  conclusion  that  the  limits 
of  error  in  all  these  methods  are  so  large  as  to  make  them  unsuitable  for 
investigations  such  as  these.  Since  chemical  methods  are  at  present  inade- 
quate to  give  evidence  on  this  hypothetical  deficiency  of  nitrates  in  warmer 
seas,  it  seemed  of  interest  to  investigate  the  distribution  and  relative  activity 
of  denitrifying  bacteria  in  tropical  waters  in  comparison  to  those  found  in 
temperate  seas,  and  it  was  with  this  primary  object  that  the  present  work 
was  undertaken. 

The  previous  researches  most  closely  related  to  these  investigations  are 
those  of  Gran  (9),  who  isolated  a  number  of  species  of  denitrifying  bacteria 
from  the  inshore  waters  of  the  Dutch  coast.  He  made  use  of  solutions  of 
nitrates,  nitrites,  or  ammonium  salts  as  the  sole  source  of  nitrogen  in  his 
culture  media,  which  contained  only  a  dilute  solution  of  calcium  malate  as 
organic  nutrient  material  for  the  bacteria.  He  classifies  the  bacteria  into 
four  groups,  according  to  their  reactions  in  pure  cultures  towards  nitrates 
or  nitrites. 

1.  Those  which  reduce  nitrates  and  nitrites  to  free  nitrogen  without  any 

ammonia  formation. 

2.  Those  which  readily  reduce  nitrates  to  nitrites.    The  nitrite  disappears 

slowly  without  perceptible  formation  of  free  nitrogen  and  some 
ammonia  is  formed. 

3.  Those  which  can  not  reduce  nitrates  to  nitrites,  but  which  are  capable 

of  slowly  removing  the  nitrite  without  perceptible  formation  of 
free  nitrogen.  Though  the  nitrites  are  not  reduced,  yet  they  can 
serve  as  the  sole  source  of  nitrogen  for  the  growth  of  the  bacteria. 

4.  Those  which  can  not  reduce  and  are  not  capable  of  assimilating  either 

nitrates  or  nitrites,  but  will  flourish  when  ammonium  sdts  are 
present. 

In  investigations  on  samples  of  water  taken  in  the  English  Channel  some 
10  miles  off  Plymouth,  I  was  able  to  recognize  species  belonging  to  the 
second  group  of  Gran's  classification,  but  could  not  detect  the  presence  of 
species  belonging  to  any  of  the  other  groups,  and  it  would  seem  probable 
that  these  other  groups  are  chiefly  composed  of  littoral  forms. 

In  fluid  culture  media  inoculated  with  samples  of  sea-water  and  kept 
at  a  temperature  of  28^  C,  Gran  found  that  the  formation  of  nitrite  was 
detectible  in  from  i  to  2  A^ys,  and  that  eventually  all  the  nitrate  and  nitrite 
was  destroyed  in  the  majority  of  cases,  especially  if  the  cultures  were 
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reinoculated  at  intervals.  In  my  experiments  I  was  able  to  obtain  similar 
results  in  cultures  kept  at  30°  C.  after  8  days;  in  cultures  kept  at  15°  C.  the 
first  formation  of  nitrite  was  detectible  in  from  5  to  6  days,  but  denitri- 
fication  never  proceeded  beyond  this  stage. 

Baur  (i)  showed  that  the  optimum  temperature  for  growth  and  denitri- 
fication  of  the  species  described  by  him  lay  between  20**  and  25®  C.  when 
the  bacteria  were  grown  in  fluid  culture  media  containing  peptone. 

The  most  important  work  on  the  distribution  of  marine  bacteria  is  that 
of  Fischer  (8)  in  1886, 1889,  and  1893,  but  he  does  not  enter  into  the  chemical 
activities  of  the  species  found,  so  that  the  observations  do  not  throw  much 
direct  light  on  problems  of  the  metabolism  of  the  sea.  The  variations  in 
the  number  of  bacteria  found  in  different  surface  samples  from  positions  in 
mid-ocean  are  somewhat  surprising  and  diflicult  to  account  for.  Deeper 
samples  were  taken  by  means  of  a  water-bottle  made  of  brass,  but  in  view 
of  the  now  well-known  bactericidal  action  of  metals,  and  of  copper  in 
particular,  I  do  not  consider  that  any  great  value  can  be  attached  to  these 
observations.  With  the  exception  of  Fischer's  work  little  seems  to  have 
been  published  on  the  general  distribution  of  marine  bacteria. 

A  point  that  has  not  yet  been  considered  is  the  origin  of  the  nitrate  supply 
in  the  sea.  Nitrates  are  absorbed  by  diatoms  and  the  phyto-plankton  in 
general,  and  are  presumably  built  up  into  complex  nitrogenous  compounds 
within  the  plant.  If  these  compounds,  on  the  death  of  the  plant,  are  broken 
up  and  the  nitrogen  again  rendered  available  for  use  in  the  form  of  nitrates, 
a  series  of  reactions  must  be  gone  through  which  may  well  be  performed  by 
bacterial  agency,  and  this  also  applies  to  the  waste  nitrogenous  products  of 
animal  metabolism.  In  addition,  it  has  been  shown  that  nitrates  are  actu- 
ally decomposed  by  the  denitrifying  bacteria,  which  would  thus  tend  to 
keep  the  nitrate  concentration  down  to  the  level  necessary  for  their  own 
existence  and  would  come  into  competition  for  this  essential  with  other 
forms  of  plant  life.  If  the  bacteria  are  successful  in  decomposing  nitrates 
to  the  extent  of  entirely  removing  the  nitrogen  from  all  chemical  combi- 
nation, as  seems  probable  from  the  experiments  in  cultures,  it  follows  that 
there  must  be  some  source  of  nitrates  in  order  that  the  concentration  in 
X  the  sea  may  remain  constant.  The  existence  of  nitdfjong  bacteria,  which 
'^ —  ^  are  capable  of  absorbing  and  combining  with  the  free  nitrogen  of  the  air 
and  eventually  giving  rise  to  nitrates,  has  been  shown  by  Keding  (10)  and 
Keunter  (11),  but  these  have  so  far  only  been  found  on  the  bottom  close  to 
shore,  or  apparently  living  in  symbiosis  with  algae  or  plankton  organisms. 
Similarly  Thomsen  (16)  has  demonstrated  the  presence  on  the  bottom  of 
inshore  waters  of  bacteria  which  are  capable  of  forming  nitrites  from 
ammonium  salts,  and  others  which  can  convert  nitrites  into  nitrates.  It 
would  seem  possible  that  similar  bacteria  having  a  nitrifying  action  remain 
to  be  discovered  in  the  open  sea. 

The  precipitation  of  calcium  carbonate  in  the  sea  by  bacterial  agency  is 
/apparently  a  line  of  investigation  that  has  not  previously  been  suggested  or 
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followed.  Both  Baur  (i)  and  Gran  (9)  made  use  of  calcium  salts  in  their 
culture  solutions  in  order  to  obviate  the  great  increase  in  alkalinity  that 
resulted  if  potassium  or  sodium  salts  were  used,  but  they  have  not  called 
attention  to,  or  apparently  realized,  the  probable  significance  of  this  pre- 
cipitation of  calcium  carbonate  by  bacterial  agency  as  an  important  factor 
in  the  formation  of  various  sedimentary  calcateous  rocks  in  tropical  seas. 

The  subject  of  the  precipitation  of  calcium  carbonate  in  sea-water  has 
been  dealt  with  by  Murray  ^nd  Irvine  (14)  in  1889  and  again  by  Murray 
(Sir  John)  and  Hjort  (13)  in  1912,  and  they  ascribe  the  precipitation  to  the 
interaction  of  ammonium  carbonate,  derived  as  an  ultimate  product  of  the 
decomposition  of  nitrogenous  organic  matter,  with  the  calcium  sulphate 
present  in  sea-water,  according  to  the  equation 

(NHOiCO,  +  CaSOi  =  CaCO,  +  (NH4)2S04 

Expressed  in  the  terms  of  the  ionic  hypothesis,  this  reaction  can  be  explained 
by  the  statement  that  CaCQs  must  be  precipitated  when  the  product  of  the 
concentration  of  its  ions  Ca  and  CQs  exceeds  a  certain  limit;  an  increase  in 
the  concentration  of  COs  ions  is  produced  by  the  advent  of  (NH4)2COi, 
which  is  partially  ionized  into  NH4  and  CO3,  and  hence  the  product  of  the 
concentrations  of  Ca  and  CO3  ions  is  increased  and  CaCOa  is  thrown  out 
of  solution. 

Though  this  reaction  has  been  conclusively  shown  to  occur  under  experi- 
mental conditions,  where  nitrogenous  organic  matter  has  been  allowed  to     / 
putrify  for  some  time  in  sea-water,  yet  it  is  obvious  that  its  effect  must  be  ^ 
purely  local  and  must  be  confined  to  the  immediate  neighborhood  of  the 
decaying  organic  body  which  gives  rise  to  the  formation  of  (NH4)2CO». 

In  this  paper  the  precipitation  of  CaCOj  in  an  unorganized  state  alone 
is  dealt  with.  The  formation  of  the  calcareous  skeletons,  tests,  and  shells 
of  animals,  and  the  skeletons  and  platelets  of  algae,  which  play  an  immensely 
important  part  in  the  constitution  of  marine  bottom-deposits,  is  beyond  the 
scope  of  this  work. 

DESCRIPTION  OF  APPARATUS. 

In  191 1  the  apparatus  at  my  disposal  was  of  a  somewhat  primitive 
nature,  as  it  is  difficult  to  know  beforehand  exactly  what  gear  will  be  nec- 
essary in  a  new  field  of  work.  In  1912  a  more  complete  outfit  was  available, 
and  the  Carnegie  Institution's  yacht  Anton  Dohrn  was  especially  fitted  for 
my  requirements. 

For  deep-sea  work  the  motor  trawl  winch  was  modified  so  as  to  carry 
fine  sounding-wire,  and  a  derrick  was  rigged  aft,  projecting  over  the  stern 
of  the  boat,  over  which  the  wire  was  led.  The  motor  winch  is  sunk  below 
the  level  of  the  deck,  a  commendable  arrangement,  as  it  can  be  covered 
over  with  hatches  when  not  in  use  and  so  affords  great  economy  of  deck 
space,  and  also  has  the  advantage  of  bringing  the  weight  of  the  winch  nearer 
the  water-line  and  avoiding  the  unstability  that  may  be  caused  when  a 
heavy  winch  is  fixed  on  deck. 
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The  sounding-wire  was  2.2  mm.  in  diameter  and  consisted  of  four 
strands  of  eight  wires  each,  made  of  high-tensile  steel;  the  breaking  strain 
was  given  as  400  pounds,  but  in  practice  I  have  no  hesitation  in  saying  that 
it  far  exceeded  this  figure.  The  wire  was  very  difficult  to  kink,  and  did  not 
show  any  tendency  to  untwist  or  permanently  stretch  under  a  tension  of 
about  350  pounds;  it  proved  in  every  way  satisfactory. 

For  measuring  the  length  of  wire  run  out,  one  of  the  fathom-measuring 
sheaves  made  by  the  Telegraph  Construction.and  Maintenance  Company 
of  London  was  used.  This  consisted  of  a  sheave  containing  a  steel  wheel 
about  12  inches  in  diameter,  grooved  for  and  made  especially  to  fit  the  wire; 
the  length  of  wire  run  out  is  measured  by  the  number  of  turns  of  the  wheel 
indicated  by  a  dial  on  the  side  of  the  sheave.  The  dial  has  two  hands  show- 
ing fathoms  and  hundreds  of  fathoms;  the  hands  revolve  backwards  on 
winding  in  the  wire,  and  so  again  r^^ter  zero  when  the  sounding  is  com- 
pleted. The  axle  of  the  wheel  revolves  on  simple  bearings,  avoiding  thus  the 
slight  inaccuracy  if  ball  bearings  are  employed. 

Samples  of  the  bottom  were  obtained  with  one  of  the  "snapper  rods" 
disengaging  an  iron  30-pound  weight  on  touching  the  bottom.  This  con- 
sisted of  two  brass  jaws  closed  by  a  strong  spring,  and  kept  apart  by  a 
trigger;  on  touching  the  bottom  the  trigger  was  released  and  the  jaws 
closed  on  a  sample  of  the  bottom;  at  the  same  time  the  30-pound  weight, 
which  was  only  held  in  position  through  the  tension  of  its  own  weight,  was 
disengaged  as  soon  as  the  tension  was  relieved  on  touching  the  bottom,  and 
so  was  left  behind  as  the  wire  was  reeled  in. 

In  order  to  tell  the  depth  at  which  bottom  was  sounded  the  wire  was 
led  through  a  pulley  connected  with  a  spring  balance,  which  accordingly 
registered  the  tension  of  the  wire.  On  touching  the  bottom  the  decrease  in 
tension  due  to  the  release  of  the  weight  was  shown  on  the  dial  of  the  balance. 
This  arrangement  was  not  satisfactory  in  rough  weather,  as  the  rolling  of 
the  yacht  caused  such  varying  tensions  on  the  wire  that  it  was  not  always 
possible  to  tell  the  exact  depth  at  which  the  weight  was  disengaged. 

For  obtaining  samples  of  water  for  bacterial  analysis  a  special  water- 
bottle  was  designed  by  Mr.  D.  J.  Matthews.  This  apparatus  is  described 
in  detail  by  Mr.  Matthews  (12)  in  vol.  ix,  No.  4,  of  the  Journal  of  the 
Marine  Biological  Association  of  the  United  Kingdom,  so  only  a  brief 
account  of  it  will  be  given  here. 

The  apparatus  employed  by  previous  workers  for  obtaining  samples  of 
water  from  the  deep  sea  for  bacteriological  examination  has  either  con- 
sisted of  some  sort  of  water-bottle  made  of  metal,  or  else  of  exhausted  glass 
bulbs  with  a  neck  drawn  out  into  a  capillary  tube  which  could  be  broken 
off  at  the  depth  from  which  a  sample  was  desired.  The  use  of  exhausted 
glass  bulbs  presents  considerable  difficulties  for  depths  as  great  as  800 
fathoms;  the  bulbs  must  be  strong  and  very  thoroughly  annealed,  as  other- 
wise the  slight  shock  caused  by  breaking  the  capillary  neck  is  liable  under 
the  great  pressure  to  make  the  bulb  fly  into  small  fragments;  another 
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great  disadvantage  is  the  strong  probability  that  the  sudden  reduction  in 
pressure,  to  which  the  water  is  exposed  as  it  enters  the  bulb,  would  immedi- 
ately kill  any  bacteria  in  the  water.  The  employment  of  a  metal  water- 
bottle  seemed  undesirable  in  view  of  the  bactericidal  action  of  metals. 
In  order  to  settle  this  point  some  test  experiments  were  made  with  various 
metals  to  see  if  a  suitable  one  could  be  found.  100  c.c.  of  water  from  the 
laboratory  tanks  at  Plymouth,  diluted  i  in  100  with  sterile  sea-water,  was 
exposed  for  6  hours  to  the  action  of  about  2  square  inches  of  the  various 
metals,  with  the  following  results: 


^ 


Metal. 

No.  of 
plates. 

No.  of  colonies 
of  bacteria  de* 
vekH>ing  ftom 
X  ex.  after  plat- 
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M 
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It  is  thus  obvious  that  none  of  these  metals  are  suitable  for  the  work, 
and  probably  the  only  metal  that  could  be  used  would  be  platinum,  which 
would  be  prohibitive  on  account  of  the  expense. 

In  order  to  overcome  these  difficulties,  a  water-bottle  on  a  new  principle 
was  designed  for  me  by  Mr.  Matthews.  A  purely  diagrammatic  represen- 
tation of  its  method  of  working  is  shown  in  figure  i. 

The  container  of  the  bottle  consisted  of  a  strong  glass  cylinder  By  holding 
about  250  c.c;  this  was  closed  at  each  end  by  thick  rubber  washers  W,  W, 
through  the  center  of  which  a  short  piece  of  thin-walled  rubber  tubing 
passed,  the  tubing  being  sealed  at  the  end  within  the  cylinder.  The  washers 
were  carried  by  the  plates  Pi  and  P^.  The  cylinder  was  carried  in  a 
skeleton  frame,  and  by  sending  down  two  messengers  along  the  sounding 
wire  S  it  could  be  first  opened  and  then  closed  at  any  required  depth.  The 
whole  apparatus  was  first  sterilized  by  steaming  in  a  ''Koch,"  and  then 
the  cylinder  was  completely  filled  with  95  per  cent  alcohol ;  the  washers  were 
kept  tight  on  the  ends  of  the  cylinder  by  strong  springs  (not  shown  in  the 
diagram)  so  that  no  leakage  occurred  and  the  various  parts  of  the  apparatus 
were  in  the  position  shown  in  figure  1,^1.  When  the  apparatus  has  been 
lowered  to  the  required  depth,  the  first  messenger  is  sent  down,  this  hitting 
the  lever  Li,  releasing  the  connecting  rod  Ci  and  allowing  the  plate  P%  and 
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the  cylinder  B  to  fall  into  the  position  shown  in  figure  i,  B,  the  cylinder 
being  prevented  from  falling  on  to  P%  by  the  check  rod  T,  which  falls 
through  Pi  until  caught  by  the  knob  at  its  extremity.  The  cylinder  is  thus 
opened  at  each  end  by  the  first  messenger,  and  the  alcohol  being  of  lower 
specific  gravity  than  sea-water,  diffuses  out  almost  instantaneously,  causing 
an  upward  flow  of  water  through  the  cylinder.  On  sending  down  the  second 
messenger,  which  hits  the  lever  Li,  the  connecting  rod  C%  was  released,  and 
by  means  of  strong  springs  the  plate  P\  was  forced  down  on  to  the  top  of 
the  cylinder,  which  at  the  same  time  fell  on  to  the  plate  P%,  and  thus  the 
cylinder  with  its  sample  of  water  was  tightly  closed  at  each  end  by  the  rubber 
washers,  the  position  of  the  parts  being  that  shown  in  figure  i,  C. 
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The  washers  with  their  attached  pieces  of  thin  rubber  tubing  had  sufficient 
capability  of  bulging  inwards  to  allow  for  the  contraction  of  the  alcohol  due 
to  the  low  temperature  at  any  considerable  depth,  and  to  its  compressibility 
being  greater  than  that  of  sea-water;  and  similarly  the  expansion  of  the 
sample  of  water,  as  the  apparatus  was  hauled  up,  was  compensated  for 
by  the  elasticity  of  the  thin-walled  rubber  tubing.  It  is  obvious  that 
even  had  a  slight  amount  of  leakage  occurred,  a  leakage  inward  during  the 
descent  of  the  apparatus  would  not  vitiate  the  results,  as  bacteria  would 
promptly  be  killed  in  the  95  per  cent  alcohol,  and  similarly  on  hauling  up, 
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the  leakage,  if  any,  would  be  outward,  due  to  the  expansion  of  the  sample 
through  the  regularly  increasing  temperature  and  decreasing  pressure,  so 
that  the  sample  would  not  be  contaminated  by  any  of  the  surface  layers 
through  which  it  was  hauled.  There  was,  however,  no  reason  to  suppose 
that  any  leakage  occurred,  and  it  appears  that  the  expansibility  of  the 
rubber  washers  and  tubing  was  sufficient  to  allow  for  the  small  changes  in 
bulk  of  the  fluids  within  the  cylinder  after  the  first  sterilization  by  steaming. 
The  action  of  the  alcohol  was  relied  on  for  sterilization  between  successive 
samples,  and  both  experimentally  and  in  practice  this  method  was  found  to 
be  absolutely  safe,  as  all  the  marine  bacteria  are  very  readily  killed  by 
alcohol,  and  they  do  not  form  resistant  spores. 

After  the  collection  of  a  sample  it  was  siphoned  off  into  a  sterilized  glass 
bottle  by  means  of  a  sterilized  length  of  rubber  tubing;  this  method  was 
considered  preferable  to  any  arrangement  of  taps  leading  from  the  collecting 
cylinder,  owing  to  the  difficulties  of  cleaning  and  sterilization  which  would 
be  involved.  Part  of  the  sample  was  also  siphoned  off  into  bottles  which 
were  returned  to  Plymouth  for  analysis  for  salinity;  these  bottles  had  previ- 
ously been  thoroughly  washed,  rinsed  with  several  changes  of  distilled  water, 
and  then  dried  in  an  oven;  they  were  corked  with  rubber  stoppers. 

It  was  found  in  practice  that  this  design  of  water-bottle  worked  extremely 
well  and  gave  very  little  trouble.  It  is  to  be  noted  that  the  sample  of  water 
collected  is  only  kept  in  contact  with  rubber  and  glass  throughout,  so  that 
the  bactericidal  action  of  metals  is  avoided. 

Surface  samples  of  water  were  taken  in  wide-mouthed  stoppered  bottles, 
holding  about  12  ounces;  the  samples  were  always  taken  from  the  bow  of 
the  boat  when  moving  ahead,  in  order  to  avoid  any  possible  contamination 
from  the  sides  of  the  boat. 

Some  samples  from  depths  up  to  80  fathoms  were  collected  off  the 
Tortugas  in  191 1  in  retort-shaped  glass  flasks  of  about  300  c.c.  capacity, 
with  narrow,  recurved,  and  long-drawn-out  necks.  These  were  sterilized, 
exhausted,  and  sealed;  they  were  then  lowered  in  an  apparatus  in  which 
the  extremity  of  the  neck  could  be  broken  off  at  any  desired  depth  by 
sending  a  messenger  down  the  sounding-wire,  when  the  flasks  became 
completely  filled  with  water.  After  hauling  up,  a  little  water  was  shaken 
from  the  neck,  and  it  was  then  sealed  with  the  blowpipe.  This  method 
avoids  risk  of  contamination  from  more  superficial  layers  of  water  as  the 
apparatus  is  drawn  up,  since  the  changes  in  pressure  and  temperature  as 
it  ascends  tend  to  cause  a  continuous  outflow  through  the  narrow  neck  until 
the  surface  is  reached. 

A  somewhat  similar  apparatus  was  used  for  obtaining  deep  samples 
from  the  station  70  miles  west  of  Ushant,  but  the  glass  bulbs  were  smaller 
and  the  tube  leading  from  them  was  bent  at  right  angles  to  itself.  Con- 
siderable difficulty  was  caused  by  the  breaking  of  the  tube  owing  to  the  force 
of  the  inrushing  stream  of  water  impinging  on  the  wall  where  it  was  bent  at 
right  angles. 
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If  this  form  of  apparatus  is  used,  all  sharp  angles  in  the  inlet  tube  should 
be  avoided,  and  it  should  be  so  arranged  that  the  inrushing  stream  of  water 
spreads  itself  in  a  fan-shaped  manner  over  the  sides  of  the  bulb»  but  I  do 
not  consider  that  any  form  of  exhausted  glass  flask  is  suitable  even  for 
depths  as  small  as  80  fathoms. 

In  Jamaica  no  apparatus  for  obtaining  deep  samples  was  available,  so 
the  primitive  method  of  lowering  a  sterilized  stoppered  bottle  with  a  string 
tied  to  the  stopper  was  employed.  At  the  required  depth  the  stopper  was 
pulled  out  until  the  bottle  was  nearly  full  and  then  allowed  to  fall  back 
in  place.  This  method  can  only  be  used  for  very  shallow  depths,  as  the 
pressure  of  the  water  at  greater  depths  makes  it  impossible  to  withdraw 
the  stopper.  A  source  of  error  is  also  introduced  in  that  the  inrushing 
water  passes  in  close  proximity  to  the  stopper  and  its  attachment,  and  may 
carry  in  bacteria  which  have  adhered  to  them  when  passing  through  the 
surface  layers. 

Temperature  records  were  obtained  in  the  Bahamas  by  means  of  deep- 
sea  reversing  thermometers  specially  made  by  Messrs.  Negretti  &  2^ambra 
of  London.  They  were  tested  up  to  a- pressure  of  3  tons  to  the  square  inch 
at  the  National  Physical  Laboratory  at  Teddington,  England,  and  a  table 
of  temperature  corrections  was  furnished  for  each  instrument  by  the  same 
institution.  These  reversing  thermometers  differ  from  ordinary  thermom- 
eters in  having  a  constriction  and  S-shaped  dilatation  immediately  above 
the  main  bulb,  with  a  somewhat  large  secondary  bulb  at  the  upper  end  of 
the  stem.  The  graduations  are  reversed,  so  that  the  lowest  temperature 
is  marked  near  the  top  of  the  capillary  portion.  On  turning  the  thermom- 
eter upside  down,  the  mercury  thread  breaks  at  the  constriction  and  fills 
the  small  bulb  at  the  end  of  the  capillary  and  also  part  of  the  capillary 
itself.  The  thermometer  is  read  in  the  reversed  position,  and  when  certain 
corrections  have  been  applied  the  temperature  at  which  the  thermometer 
was  reversed  is  recorded.  The  effect  of  the  pressure  of  the  water  is  avoided 
by  having  the  thermometer  sealed  in  an  outer  glass  case.  The  lower  end 
of  this  case  is  partially  filled  with  mercury,  in  which  the  bulb  of  the  thermom- 
eter is  immersed,  thus  allowing  for  rapid  conduction  of  heat  between  the 
mercury  in  the  thermometer  bulb  and  the  surrounding  water.  An  auxiliary 
thermometer  was  sealed  up  in  the  same  outer  case  as  the  reverser,  so  that 
the  temperature  at  which  the  actual  reading  was  taken  could  also  be  re- 
corded. In  order  to  calculate  the  correction  that  must  be  applied  to  the 
temperature  registered  by  the  reverser,  three  factors  must  be  known: 

(a)  Temperature  of  thermometer  at  moment  of  reading. 

(&)  Kind  of  glass  of  which  it  is  made. 

{c)  Volume  (expressed  in  degrees  of  the  stem)  of  the  secondary  bulb  and 
the  portion  of  the  stem  below  the  o**  graduation. 

Of  these  a  is  given  by  the  auxiliary  thermometer,  and  b  and  c  were 
engraved  on  the  back  of  the  stem  of  each  reversing  thermometer.  All  of 
the  thermometers  were  made  of  the  glass  known  as  Jena*^  16  III,  and  the 
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apparent  dilatation  of  mercury  in  this  glass  is  es^OO*    The  correction  to  be 

(V+T)(T-t) 

applied  to  the  reading  of  the  reverser  is  given  by  the  formula . 

6,300 

where  T  =  the  temperature  registered  by  the  reverser,  t  =  the  temperature 

shown  by  the  auxiliary  thermometer  at  the  moment  of  reading,  and  V  » 

the  volume  (expressed  in  degrees  of  the  stem)  of  the  secondary  bulb  and 

the  portion  of  the  stem  below  the  0°  mark  of  the  reverser. 

The  thermometers  were  mounted  in  pairs  in  ^mple  metal  cases,  and 

were  attached  just  below  the  water-bottle.    They  were  suspended  in  a 

vertical  position  by  a  catch  forming  part  of  the  water-bottle;  this  was 

released  by  the  first  messenger,  when  the  thermometers  fell  by  their  own 

weight  and  so  reversed,  and  were  hauled  up  In  this  position.    This  simple 

arrangement  proved  quite  as  satisfactory  as  any  of  the  more  complicated 

reversing  frames  which  are  generally  in  use. 

CULTURE  MEDIA  AND  METHODS. 

The  culture  media  employed  for  isolating  and  counting  the  bacteria  in 

plate  cultures  were  the  following.  ^^^ 

/.  Peptone  agar:  Peptone,  -Sa^grams;  potassium  nitrate  (KNOi),  0.5  8:ram;  sea- water, 
1,000.0  C.C.;  agar  agar,  18.0  grams. 

In  the  earlier  work  less  agar  was  used,  but  eventually  it  was  found  more 
convenient  to  use  a  stiffer  jelly,  and  this  did  not  appear  to  appreciably 
hinder  the  growth  of  the  bacteria. 

IL  Potassium  malate  agar:    Potassium   malate   (CjHt(OH)<^^QQj^),    i.o    gram; 

sodiinn  phosphate  (NaiHP04,  i2HsO),  0.35  gram;  potassium  nitrate  (KNOi), 
0.5  gram;  sea- water,  1,000.0  cc;  agar  agar,  12.0  grams. 

The  medium  was  only  filtered  through  glass-wool,  so  that  a  very  slight 

floccular  precipitate  of  calcium  phosphate  was  retained. 

///.  Peptone  gelatin:  Peptone,  2.0  ^ms;  potassium  nitrate  (KNOs),  0.5  gram; 
sea- water,  1,000.0  cc;  gelatm,  150.0  grams. 

This  medium  was  used  only  at  the  Tortugas;  it  was  necessary  to  keep  it 
cooled  with  ice  to  about  20®  C,  as  the  temperature  of  the  laboratory  some- 
times rose  as  high  as  37^  C.  and  gelatin  media  will  not  remain  solid  at  these 
temperatures. 

The  following  fluid  media  were  used : 

/.  Gran's  medium  {modified)'.  Potassium  nitrate  (KNOj),  0.5  gram;  sodium  phosphate 
(NaiHP04,  i2HjO),  0.25  gram;  calcium  malate  (CjH,(OH)/^Q^NCa), 
about  5.0  grams;  sea- water,  1,000.0  cc 

Calcium  malate  is  only  slightly  soluble  in  water,  so  can  be  added  in  excess. 
Gran  used  distilled  water  and  added  30  gm.  sodium  chloride  per  liter,  but 
in  these  experiments  sea- water  has  been  used  instead. 

//.  Caldum  succinate  medium:  Calcium  succinate  (^>H4\roOx  ^^  )'  ^'^  gi^ms; 
potassium  nitrate  (KNOi),  0.5  gram;  sodium  phosphate  (NajHPOi,  12H1O), 
0.25  gram;  sea- water,  1,000.0  cc. 
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This  medium  was  boiled  and  filtered  before  sterilization  to  remove  the 
slight  precipitate  of  calcium  phosphate.  It  was  found  that  this  medium 
with  the  addition  of  the  phosphate  gave  a  more  vigorous  growth  than  if  it 

was  omitted.  -^    , 

.   ^{         If 

III.  Calcium  acetate  medium:  Calcium  acetate  (Ca(CHtCOO)t),  5.0  grams;  sodium 

phosphate   (NaiHPOi,   laHtO),  0.25   gram;    potassium  nitrate   (KNOt)i 
0.5  gram;  sea- water,  1,000.0  C.C.  C#v 

Boiled  and  filtered  before  sterilization  to  remove  precipitate  of  phos- 
phate. 

IV.  Peptone  calcium  acetate  medium:  Calcium  acetate  (Ca(CHsCC)O)t),  5.0  grams; 

peptone  (Witte's),  0.2  gram;   potassium  nitrate  (KNOs),  0.5  gram;   sea- 
water,  1,000.0  c.c. 

Media  II,  III,  and  IV  were  also  made  up  with  the  addition  of  0.2  gm. 
of  magnesium  tartrate  per  1,000  c.c. 

The  fluid  media  were  made  up  in  1,500  c.c.  resistance  glass  flasks,  and 
1,000  c.c.  of  medium  were  used  for  each  culture. 

For  other  purposes  a  simple  solution  of  peptone  in  sea-water  was  em- 
ployed (2  gm.  to  1,000  c.c),  and  media  were  also  used  consisting  of  this 
peptone  solution  with  the  addition  of  0.5  per  cent  of  various  carbohydrates, 
such  as  cane  sugar,  dextrose,  Isevulose,  mannite,  lactose,  etc.,  with  sufiident 
neutral  red  solution  to  color  them,  in  order  to  test  the  acid-forming  proper- 
ties of  the  bacteria  in  the  presence  of  carbohydrates. 

The  ordinary  "Koch"  steam  sterilizer  and  iron  oven  for  dry-heat 
sterilization  were  used,  and  gasoline  cooking  stoves  were  found  to  be  the 
most  satisfactory  source  of  heat.  It  was  found  an  advantage  to  use  Petri 
dishes  with  porous  earthenware  covers  which  enabled  the  water  of  con- 
densation to  evaporate  partially;  the  evaporation  could  be  checked  at  any 
time  by  covering  the  dishes  with  a  bell  jar  lined  with  wet  filter  paper.  It 
was  usually  found  necessary  to  keep  all  cultures  on  tables  with  their  feet 
standing  in  dishes  of  kerosene,  in  order  to  prevent  the  attacks  of  ants  and 
other  insects.  In  all  other  respects  ordinary  bacteriological  routine  was 
followed,  and  the  methods  need  not  be  further  particularized  here. 

The  reduction  of  the  nitrate  to  a  nitrite  in  fluid  culture  media  was 
tested  for  by  the  addition  of  5  c.c.  of  10  per  cent  sulphuric  acid  and  2  c.c. 
of  a  I  per  cent  solution  of  metaphenylene  diamine  hydrochloride  to  25  c.c. 
of  the  culture.  The  production  of  a  brown  coloration  (due  to  the  formation 
of  Bismarck  brown)  is  an  indication  of  the  presence  of  a  nitrite,  and  is  an 
extremely  delicate  reaction. 

The  diphenylamine  and  brucine  sulphate  reactions  were  also  used  when 
testing  for  the  presence  of  nitrates. 

The  formation  of  ammonia  was  tested  for  by  the  addition  of  5  c.c.  of 
10  per  cent  potassium  hydrate  and  5  c.c.  of  Nessler's  reagent;  the  white 
precipitate  formed  on  the  addition  of  the  potassium  hydrate  does  not 
appreciably  interfere  with  the  test,  though  it  renders  it  somewhat  less 
delicate. 
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Under  expeditionary  conditions,  and  in  the  absence  of  the  somewhat 
elaborate  apparatus  that  would  be  necessary  in  order  to  estimate  chemically 
the  amount  of  denitrification  in  cultures,  it  was  only  possible  to  compare  the 
rate  of  denitrification  in  different  cultures  by  noting  the  time  taken  for  the 
first  appearance  of  the  nitrite  reaction  and  the  time  taken  for  all  trace 
of  nitrite  or  nitrate  to  disappear.  It  seems  that  the  rate  of  denitrification 
in  culture  media  inoculated  with  equal  volumes  of  samples  of  sea-water 
must  be  a  function  of  the  number  of  bacteria  in  the  sample,  the  temperature 
at  which  the  cultures  are  grown,  and  the  specific  power  of  denitrification  of 
the  individual  species  of  bacteria.  Considering  the  rapid  multiplication  of 
bacteria  when  the  food  supply  is  plentiful,  up  to  a  maximum  determined 
chiefly  by  the  accumulation  of  the  waste  products  of  their  own  metabolism, 
it  appears  that  the  factor  of  the  number  of  bacteria  in  the  sample  may  be 
neglected  within  the  limits  of  these  experiments.  For  example,  the  number 
of  bacteria  in  1,000  c.c.  of  Gran's  medium  at  the  end  of  24  hours  would 
probably  be  much  the  same  whether  it  were  inoculated  from  a  sample  con- 
taining 8  or  16  bacteria  per  i  c.c;  similarly  it  was  a  matter  of  experience 
that  the  first  trace  of  nitrite  formation  was  observable  at  about  the  same 
time,  whether  5  or  10  c.c.  of  a  given  sample  had  been  used  for  inoculation. 

Consequently  it  would  appear  that  for  purposes  of  comparison,  and 
within  the  limits  of  the  experiments  described,  if  the  temperature  be  the 
same  for  the  cultures  compared,  the  rate  of  denitrification  is  a  measure  of 
the  specific  denitrifying  power  of  the  particular  species  of  bacteria. 

In  the  work  on  the  bacterial  precipitation  of  calcium  carbonate,  the 
precipitate  (which  was  often  so  fine  as  to  tend  to  remain  in  suspension) 
was  usually  obtained  by  centrifuging.  It  was  either  preserved  in  small 
bottles  with  some  of  the  culture  fluid,  or  else  washed  first  with  distilled  water 
and  then  with  absolute  alcohol,  and  finally  allowed  to  dry.  These  precipi- 
tates were  sent  to  Dr.  F.  E.  Wright,  of  the  Geophysical  Laboratory  of  the 
Carnegie  Institution  of  Washington,  who  with  great  kindness  reported 
on  their  mineralogical  properties. 

INVESTIGATION  OF  SAMPLES  OF  SEA-WATER  TAKEN  OFF  PORT  ROYAL. 

JAMAICA. 

The  work  at  Port  Royal  was  done  in  May  191 1,  but  was  of  a  very  pre- 
liminary nature.  It  was  necessary  to  depend  on  a  sailing-boat  for  obtaining 
the  samples;  yet,  owing  to  the  remarkable  regularity  with  which  an  on-shore 
wind  springs  up  every  morning,  but  little  difficulty  was  experienced  from  this 
cause.  No  apparatus  for  obtaining  deep  samples  was  available,  but  samples 
were  taken  from  a  depth  of  6  fathoms  by  means  of  a  bottle  from  which  the 
stopper  was  pulled  by  a  line  and  then  allowed  to  fall  back  into  place.  A 
measurement  of  the  rate  of  denitrification  in  fluid  culture  media  inoculated 
with  samples  of  sea-water  was  made,  but  isolation  of  the  bacteria  on  solid 
media  was  not  attempted.    The  following  method  was  employed: 
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Samples  of  sea-water  were  collected  in  sterilized  stoppered  bottles  from 
the  surface  and  from  depths  of  3  and  6  fathoms  from  positions  about  5  miles 
from  shore,  where,  from  a  consideration  of  the  wind  and  tide,  the  water  was 
probably  under  truly  oceanic  conditions  and  unaffected  by  the  neighboring 
land.  10  c.c.  of  these  samples  were  added  to  1,000  c.c.  of  Gran's  medium. 
The  cultures  were  kept  in  a  moderate  light  and  the  temperature  varied  from 
25°  to  31 .5°  C.  The  average  temperature  during  the  growth  of  each  culture 
was  noted. 

In  a  typical  culture  made  from  surface  water,  and  for  which  the  average 
temperature  was  29**  C,  the  first  indication  of  the  formation  of  a  nitrite,  as 
given  by  the  metaphenylene  diamine  reaction,  appeared  after  27  hours; 
after  38  hours  the  brown  color  produced  in  this  reaction  was  very  intense, 
the  culture  became  cloudy,  and  on  testing  with  Nessler's  reagent  slight 
ammonia  formation  was  apparent.  After  48  hours  the  culture  became 
very  cloudy  and  a  scum  of  bacterial  growth  developed;  the  nitrite  and 
ammonia  reactions  remained  unaltered.  After  63  hours  the  nitrite  reaction 
was  somewhat  less  marked,  the  ammonia  reaction  was  unaltered,  and 
bubbles  of  gas  began  to  appear.  After  72  hours  many  bubbles  of  gas  were 
being  produced,  and  the  nitrite  and  ammonia  reactions  were  very  slight. 
After  86  hours  the  bubbling  had  ceased,  and  no  nitrite  or  ammonia  was 
present  in  the  culture.  Testing  the  culture  for  nitrates  by  the  brucine 
and  diphenylamine  reactions  then  showed  that  no  nitrate  was  left  in  the 
solution. 

In  the  absence  of  a  gas-analysis  apparatus  the  nature  of  the  gas  evolved 
could  not  be  determined,  but  considering  that  it  was  non-inflammable,  did 
not  turn  lime-water  milky,  and  that  the  nitrate  originally  present  had  been 
destroyed,  it  seems  strongly  probable  that  this  gas  was  pure  nitrogen. 
Thus  in  86  hours  0.5  gm.  of  potassium  nitrate  had  been  decomposed  by 
bacterial  growth.  If  a  further  0.5  gm.  of  potassium  nitrate  were  then  added, 
it  was  rapidly  decomposed,  and  this  could  be  repeated  many  times  until 
the  other  constituents  of  the  culture  medium  were  used  up. 

It  was  found  that  the  rate  of  denitrification  varied  somewhat  with  the 
temperature,  and  that  in  cultures  kept  at  a  temperature  of  between  10**  and 
12**  C.  no  growth  or  denitrification  occurred.  The  denitrification  was 
always  more  rapid  in  cultures  from  water  taken  from  a  depth  of  3  or  6 
fathoms  than  from  the  surface.  It  was  also  more  rapid  with  samples  taken 
from  the  thick  muddy  water  of  a  mangrove  swamp,  where  organic  matter 
was  plentiful. 

The  bacteria  present  in  the  cultures  were  very  minute,  actively  motile 
bacilli  with  rounded  ends. 

An  abstract  of  the  behavior  of  a  few  of  the  cultures  is  given  below. 

I.  Sample  collected  5  miles  south  of  Port  Royal,  wind  southeast,  force  4,  tide  rising.  Sample 
taken  from  surface.     1,000  c.c.  of  Gran's  medium  was  inoculated  with  10  cc. 
of  sample. 
After  20  hours  a  slight  cloud  developed  in  the  culture  and  faint  nitrite  reactions  were 
given. 
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After  36  houra  a  dense  cloud  developed  in  the  culture  and  strong  nitrite  reactions  were 

given. 
After  60  hours  a  dense  cloud  and  scum  developed  in  the  culture  and  strong  nitrite  and 

faint  ammonia  reactions  were  given. 
After  70  hours  a  dense  cloud,  scum,  and  bubbles  developed  in  the  culture  and  faint  nitrite 

and  faint  ammonia  reactions  were  given. 
After  84  hours  culture  was  less  cloudy,  with  much  scum,  no  nitrite  or  nitrate  reaction, 

very  faint  ammonia. 
Average  temperature  at  which  the  culture  was  grown,  30*  C. 

2.  Sample  collected  from  same  spot  under  similar  conditions,  from  a  depth  of  3  fathoms. 

1,000  C.C  Gran's  medium  was  inoculated  with  10  c.c.  of  sample. 
After  20  hours  a  slight  cloud  developed  in  the  culture  and  faint  nitrite  reaction  was  given. 
After  27  hours  a  denser  cloud  developed  in  the  culture  and  strong  nitrite  and  faint 

ammonia  reactions  were  given. 
After  38  hours  a  dense  cloud  and  scum  developed  in  the  culture  and  strong  nitrite  and 

faint  ammonia  reactions  were  given. 
After  48  hours  a  dense  cloud  and  scum  developed  in  the  culture  and  moderate  nitrite 

and  faint  ammonia  reactions  were  given. 
After  63  hours  a  moderate  cloud,  thick  scum,  and  bubbles  developed  in  the  cultiuie  and 

faint  nitrite  and  faint  ammonia  reactions  were  given. 
After  73  hours  a  slight  cloud  and  thick  scum,  no  nitrite  or  nitrate,  and  very  faint 

ammonia  reaction. 
Average  temperature  at  which  the  culture  was  grown,  29^  C. 

3.  Sample  collected  from  a  spot  6  miles  south  of  Port  Royal,  wind  ESE.,  force  4,  high  tide 

(slack).    Taken  from  surface.     1,000  c.c.  Gran's  medium  was  inoculated  with 

10  cc.  of  the  sample. 
After  20  hours  a  slight  cloud  developed  in  the  culture,  no  nitrite  reaction  was  given. 
After  27  hours  a  slight  cloud  developed  in  the  culture,  faint  nitrite  reaction  was  given. 
After  38  hours  a  dense  cloud  developed  in  the  culture,  strong  nitrite  and  faint  ammonia 

reactions  were  given. 
After  48  hours  a  dense  cloud  and  scum  developed  in  the  culture,  strong  nitrite  and 

faint  ammonia  reactions  were  given. 
After  63  hours  a  dense  cloud  and  scum  developed  in  the  culture,  moderate  nitrite  and 

faint  ammonia  reactions  were  gi^n. 
After  72  hours  a  moderate  cloud,  scum,  and  bubbles  developed  in  the  culture,  very 

slight  nitrite  and  faint  ammonia  reactions  were  given. 
After  86  hours  a  moderate  cloud  and  scum,  no  nitrite  or  nitrate  and  very  faint  ammonia 

reaction. 
Average  temperature  at  which  the  culture  was  grown,  29®  C. 

4.  Sample  taken  from  surface  water  of  the  large  mangrove  swamp  lying  northwest  of  Port 

Henderson.     1,000  c.c.  of  Gran's  medium  inoculated  with  10  cc.  of  sample. 
After  20  hours  no  cloud  or  nitrite  reaction. 
After  24  hours  slight  cloud  and  slight  nitrite  reaction. 

After  40  hours  strong  cloud  and  scum,  strong  nitrite  and  slight  ammonia  reaction. 
After  75  hours  cloud,  scum,  and  bubbles,  no  nitrite  or  nitrate  and  slight  ammonia 

reaction. 
Average  temperature  at  which  the  culture  was  kept,  30*  C. 

5.  Subculture  from  culture  (i).     1,000  cc.  Gran's  medium  inoculated  with  5  cc.  of  culture 

(i),  and  kept  at  a  temperature  of  lo*  C.  to  12*  C.  by  means  of  ice. 
After  100  hours  the  culture  was  quite  clear  and  gave  no  nitrite  reaction.    It  was  then 

removed  from  the  ice  and  kept  at  the  room  temperature,  which  averaged  30^  C. 
After  107  hours  a  dense  cloud  developed  in  the  culture  and  strong  nitrite  and  faint 

ammonia  reactions  were  given. 
After  120  hours  a  dense  cloud,  scum,  and  bubbles  developed  in  the  culture  and  moderate 

nitrite  and  faint  ammonia  reactions  were  given. 
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After  131  hours  a  faint  cloud»  scum,  and  bubbles  developed  in  the  culture;  very  faint 

nitrite  and  faint  ammonia  reactions  were  given. 
After  146  hours  a  faint  cloud  and  scum,  no  nitrite  or  nitrate,  and  very  slight  ammonia 

reactions  were  given. 

Twenty  cultures  were  made  from  samples  of  water  taken  well  out  to  sea 
from  Port  Royal,  and  the  process  of  denitrification  followed  through  with 
each.  All  gave  very  similar  and  consistent  results,  but  the  rate  of  denitri- 
fication decreased  rapidly  with  the  temperature  at  which  the  cultures  were 
grown ;  thus  at  an  average  temperature  of  27**  C.  the  first  trace  of  the  nitrite 
reaction  appeared  after  about  40  hours,  and  denitrification  was  complete 
after  about  100  hours. 

The  results  of  precisely  similar  experiments  that  I  made  with  samples  of 
water  taken  from  the  English  Channel  near  Plymouth  in  the  autumn  of 
1909  showed  that  there  the  process  of  denitrification  was  very  much  slower, 
and  was  never  complete  at  the  room  temperature  (17**  C).  The  first  trace 
of  the  formation  of  a  nitrite  in  cultures  in  the  modified  Gran's  medium,  as 
detected  by  the  metaphenylene  diamine  reaction,  occurred  about  the  fifth 
day,  and  a  large  proportion  of  the  nitrite  and  nitrate  always  remained,  even 
in  the  oldest  cultiu-es.  In  similar  cultures  incubated  at  30**  C,  denitrification 
was  complete  by  the  eighth  day  at  earliest,  but  uniformly  consistent  results 
were  not  obtained,  as  in  some  of  the  cultures  complete  denitrification  was 
never  obtained,  even  after  several  months. 

It  would  thus  appear  that  even  under  similar  temperature  conditions 
the  marine  bacteria  in  the  seas  off  Jamaica  are  much  more  active  in  causing 
denitrification  than  those  found  in  the  English  Channel,  and  since  the  rate 
of  denitrification  is  a  function  of  the  temperature,  it  follows  all  the  more  that 
the  destruction  of  nitrates  by  bacterial  agency  in  the  seas  around  Jamaica 
must  be  far  in  excess  of  that  occurring  in  the  cooler  waters  of  the  English 
Channel. 

THE  INVESTIGATION  OF  SAMPLES  OF  SEA-WATER  TAKEN  AROUND  THE 

DRY  TORTUGAS. 

The  Dry  Tortugas  consist  of  a  group  of  eight  small  keys,  the  largest  of 
which  (Loggerhead  Key)  is  only  about  three-quarters  of  a  mile  long  by  one- 
eighth  of  a  mile  wide.  They  are  situated  about  150  miles  from  the  main- 
land of  Florida,  and  form  the  extreme  western  end  of  the  chain  of  the 
Florida  Keys.  The  lOO-fathom  line  lies  some  30  miles  to  the  south  and 
southwest  of  the  islands,  and  then  trends  round  in  a  northwest  direction; 
beyond  the  loo-fathom  line  the  depth  increases  with  moderate  rapidity 
until  depths  of  from  1,000  to  1400  fathoms  are  reached.  To  the  east, 
northeast,  and  north  as  far  as  the  coast  of  Florida,  the  water  is  shallow, 
the  soundings  showing  from  20  to  30  fathoms  in  mo9t  places.  Beyond  the 
lOO-fathom  line  to  the  southward  the  influence  of  the  Gulf  Stream  begins 
to  make  itself  felt,  though  the  region  of  maximum  current  velocity  here  lies 
nearer  the  coast  of  Cuba.  The  Tortugas  Keys  are  of  purely  coral  forma- 
tion, consisting  entirely  of  broken  shell  and  coral  sand,  with  no  soil.    The 
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greatest  elevations  are  the  hurricane  ridges,  which  are  not  more  than  15 
feet  above  sea-level,  and  during  a  hurricane  the  islands  are  sometimes 
completely  submerged.  There  is  no  vegetation  on  the  smaller  keys,  but 
Loggerhead  Key,  on  which  the  Marine  Biological  Laboratory  of  the  Car- 
n^e  Institution  of  Washington  is  situated,  is  partially  covered  with  a 
growth  of  bushes  and  coarse  grass.  There  is  no  fresh-water  supply  on  the 
islands. 

From  these  considerations  it  is  obvious  that  the  risk  of  contamination  of\      ,    -/  - 
samples  of  sea-water  taken  a  few  miles  from  the  Keys  through  land  bacteria  \  .  T     ' 
is  very  small,  and  that  such  samples  may  be  taken  as  being  truly  oceanic'  I 

The  motor  yacht  Anton  Dohrn  and  smaller  motor  boats  made  the  col-  / 
lection  of  samples  an  easy  matter,  and  the  well-equipped  laboratory  made 
possible  fuller  investigations  than  those  attempted  in  Jamaica. 

A  number  of  cultures  were  made  in  Gran's  medium  under  conditions 
exactly  comparable  to  those  made  at  Port  Royal,  and  the  rate  at  which  the 
process  of  denitrification  proceeded  was  observed.  The  results  agreed 
almost  exactly  with  those  obtained  at  Port  Royal,  so  need  not  be  described 
in  detail.  It  thus  seems  that  the  denitrifying  power  of  the  bacteria  in  the 
seas  around  the  Tortugas  is  the  same  as  that  of  those  around  Jamaica. 

Cultures  were  also  made  on  various  solid  media,  and  pure  cultures  of 
the  various  species  of  bacteria  were  isolated  by  plating  in  Petri  dishes 
with  peptone  agar.  Samples  of  surface  water  taken  from  various  positions 
around  Tortugas  as  far  as  possible  removed  from  influence  of  the  land,  and 
collected  on  sunny  days,  gave  an  average  count  of  14  colonies  per  i  c.c. 
of  sample.  Counts  of  several  plates  from  the  same  locality,  and  from 
di£Ferent  localities,  showed  a  somewhat  remarkable  agreement  as  to  the 
number  of  colonies  present,  the  highest  count  ever  obtained  being  20  and 
the  lowest  8  per  i  c.c.  Allowing  for  experimental  error,  this  shows  great 
uniformity  in  the  distribution  of  bacteria  in  the  sea  around  Tortugas. 

The  colonies  appeared  to  be  of  two  kinds  when  grown  on  peptone  agar, 
one  much  more  plentiful  than  the  other.  Subcultures  made  from  these 
colonies  in  Gran's  medium  showed  that  the  bacteria  forming  the  most  com- 
mon type  of  colony  produced  an  active  denitrification,  while  the  others 
grew  very  slowly  in  this  medium  and  produced  no  denitrification. 

The  characteristics  of  the  denitrifjang  form  are  as  follows: 

On  the  potassium  malate,  or  peptone  agar  media,  colonies  are  visible  as 
minute  white  specks  after  6  to  8  hours  when  the  room  temperature  averages 
29.5**  C.  After  about  18  hours  the  colonies  are  well  developed;  they  are 
white  in  color,  circular  but  with  finely  irregular  outline,  and  have  a  granular 
appearance.  Superficial  colonies  are  much  elevated  at  first,  but  as  growth 
proceeds  they  spread  rapidly  over  the  surface  of  the  agar.  Deep  colonies 
remain  small,  circular,  and  discrete. 

Growth  is  somewhat  more  rapid  on  peptone  agar  than  on  the  potassium 
malate  agar,  and  the  older  colonies  develop  a  brownish  tinge  in  the  center 
when  growing  on  the  former  medium.    On  gelatin  peptone  (5  per  cent 
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peptone  in  sea-water  and  kept  at  between  20**  and  25**  C.  to  insure  the 
medium  remaining  solid),  growth  was  very  slow;  in  stab  cultures  growth 
proceeded  slowly  from  the  surface  downwards,  leaving  a  funnel-shaped 
depression  of  liquefied  gelatin. 

Acid  formation  occurs  in  dextrose,  laevulose,  mannite,  and  cane  sugar, 
but  not  in  lactose  media. 

Growth  is  inhibited  at  a  temperature  of  10®  C,  but  takes  place  slowly 
at  15°  C. 

Growth  is  much  retarded  by  exposure  to  bright  sunlight,  but  the  bacteria 
are  not  killed  by  a  10  hours'  exposure. 

The  bacteria  are  facultative  anaerobes,  but  growth  under  anaerobic 
conditions  is  very  slow. 

In  Gran's  medium  growth  is  rapid,  but  no  growth  occurs  if  the  potassium 
nitrate  be  omitted,  or  if  the  calcium  malate  be  replaced  by  calcium  carbon- 
ate. Growth  in  a  pure  solution  of  peptone  in  sea-water  is  very  slight,  but 
becomes  abundant  if  potassium  nitrate  be  added,  when  denitrification 
quickly  ensues.  The  most  rapid  growth  was  produced  in  sea-water  con- 
taining 2  per  cent  peptone,  i  per  cent  potassium  malate,  and  0.5  per  cent 
potassium  nitrate,  and  in  this  clear  medium  a  slight  floccular  precipitate, 
presumably  of  calcium  salts  derived  from  the  sea-water,  was  soon  formed. 
Growth  was  also  rapid  at  first  in  a  solution  of  5  per  cent  potassium  malate 
and  0.5  per  cent  potassium  nitrate  in  sea-water,  but  growth  apparently 
ceased  in  this  medium  after  a  few  days  and  denitrification  was  never  com- 
-^  A  iv  pl^te ;  a  slight  precipitation  occurred  and  the  solution  was  found  to  have  very 
.^"^^ f^   definitely  increased  in  alkalinity. 

This  bacterium  does  not  appear  to  have  been  previously  described,  and 
I  propose  for  it  the  name  of  Bacterium  caicis,  owing  to  its  power  of  pre- 
cipitating calcium  carbonate  from  solutions  of  calcium  salts.  This  point 
will  be  dealt  with  later  in  the  paper. 

The  characteristics  of  the  scarcer  non-denitrifying  form  of  bacterium 
found  on  the  agar  plates  are  as  follows: 

Growth  on  the  potassium  malate  agar  medium  is  very  slow  and  indefi- 
nite. On  peptone  agar  growth  is  somewhat  slower  than  in  the  case  of  the 
denitrifying  form.  On  the  surface,  circular  cream-colored  colonies  are 
formed,  having  a  brownish  center;  the  edges  are  smooth  and  regular,  and 
the  colony  remains  discrete  and  does  not  tend  to  spread  over  the  surface. 
The  deep  colonies  are  smaller  and  usually  ovoid  in  shape,  and  of  a  somewhat 
darker  color  than  those  on  the  surface. 

No  growth  was  obtained  on  gelatin  media. 

Add  formation  as  shown  by  the  neutral  red  reaction  occurs  in  dextrose 
and  Isevulose,  but  not  in  cane  sugar,  lactose,  or  mannite  media. 

Growth  takes  place  slowly  at  10**  C.  No  visible  growth  occurred  at  o® 
C,  but  cultures  were  not  killed  by  24  hours*  exposure  to  this  temperature. 

Growth  is  retarded  by  light,  and  cultures  are  killed  by  4  hours*  exposure 
to  bright  sunlight. 

The  bacterium  is  a  strict  aerobe. 
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Free  growth  takes  place  in  Gran's  medium,  but  develops  much  slower 
than  in  the  case  of  the  denitrifying  form.  No  growth  occurs  if  the  potassium 
nitrate  be  omitted  entirely,  but  takes  place  freely  if  a  mere  trace  in  excess 
of  that  normally  present  in  the  sea- water  be  added,  though  no  denitrification 
results.  Attempts  were  made  to  discover  whether  this  bacterium  had  any 
nitrifying  or  denitrifying  action  in  various  culture  media,  but  uniformly 
negative  results  were  obtained.  Nitrites  were  neither  oxidized  to  nitrates 
nor  reduced  to  ammonia  or  free  nitrogen,  and  ammonia  salts  were  un- 
affected. No  growth  was  obtained  in  any  culture  medium  that  did  not 
contain  at  least  a  trace  of  nitrates,  so  it  was  not  practicable  to  ascertain 
whether  the  bacterium  had  a  nitrifying  action  without  the  necessary  facili- 
ties for  quantitative  work. 

On  one  occasion  samples  were  obtained  from  various  depths  up  to  90 
fathoms  at  a  point  near  the  Gulf  Stream  region,  25  miles  south  of  Tortugas. 
Exhausted  glass  flasks  with  capillary  necks  which  could  be  broken  off  at 
the  required  depth  were  used  for  the  purpose. 

These  samples  were  plated  in  the  peptone  agar  medium  and  counted, 
with  the  following  average  results: 


Depth  in 
fathoms. 

Denitrifsriiig 
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Non-denitrifying 
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These  figures  are  probably  not  very  reliable,  especially  for  the  greater 
depths,  since  it  is  possible  that  many  of  the  bacteria  were  killed  by  the  sud- 
den reduction  of  pressure  to  which  they  were  exposed  as  the  water  entered 
the  exhausted  bulb. 

INVESTIGATION  OF  SAMPLES  FROM  A  POINT  70  MILES  WEST  OF 
USHANT  ISLAND,  FRANCE. 

This  spot  was  chosen  as  it  is  sufficiently  far  out  in  the  Atlantic  to  be 
largely  removed  from  the  influence  of  the  English  Channel  water.  The 
object  was  to  investigate  truly  oceanic  bacteria,  and  previous  work  in  1909 
had  shown  that  the  bacterial  flora  of  the  Channel  water  was  relatively  very 
complicated,  probably  owing  to  the  presence  of  littoral  forms.  The  Marine 
Biological  Association  of  the  United  Kingdom  very  kindly  sent  their 
steamship  Oithona  from  Plymouth  for  this  work,  and  gave  me  every  facility 
both  on  board  and  in  their  laboratory.  As  in  Tortugas,  the  deep  samples 
were  collected  in  exhausted  glass  flasks,  and  accordingly,  as  previously  ex- 
plained, the  results  obtained  from  the  deep  samples  can  not  be  considered 
to  possess  any  very  great  degree  of  accuracy. 

Attempts  were  made  to  plate  the  sample  in  peptone  agar  on  board  the 
boat,  but  the  result  was  not  satisfactory,  as  owing  to  the  motion  of  the  boat 
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the  jelly  set  in  irregular  waves  and  lumps.  Consequently  the  samples  were 
kept  on  ice,  and  cultures  were  made  from  them  at  Plymouth  24  hours  after 
collection.  It  is  clear  that  in  future  attempts  to  make  plate  cultures  on 
board  a  small  boat  in  rough  weather,  a  very  delicately  swung  table  will  be 
necessary,  or  else  the  roll-tube  culture  method  must  be  employed. 

Three  plates  on  peptone  agar  were  made  from  each  sample,  i  c.c.  of 
the  sample  being  used  for  each  plate.  The  plates  were  kept  at  the  room 
temperature,  averaging  about  20®  C,  and  the  colonies  were  well  developed 
after  48  hours;  they  appeared  to  be  all  of  one  kind.  A  count  gave  the 
following  results: 
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The  increase  in  the  number  of  colonies  at  70  and  80  fathoms  is  somewhat 
remarkable,  but  no  conclusions  in  this  respect  can  be  drawn  from  one  series 
of  observations. 

The  cultural  characteristics  of  this  bacterium  are  as  follows: 

On  peptone  agar,  after  about  36  hours  at  20^  C,  the  colonies  are  white 
in  color,  circular,  with  a  finely  serrated  outline  and  a  coarsely  granular 
appearance.  Superficial  colonies  grow  very  rapidly,  and  may  spread  as  a 
whitish  semi-transparent  growth  of  irregular  shape  over  the  surface  of  the 
agar.  The  deep  colonies  remain  small,  globular,  and  discrete.  In  old  agar 
cultures  a  brownish  tinge  is  developed,  and  the  color  may  diffuse  through 
the  substance  of  the  agar.  On  gelatin  peptone  growth  was  rapid;  in  stab 
cultures  growth  proceeded  from  the  surface  downwards,  leaving  a  funnel- 
shaped  depression  of  liquefied  gelatin,  and  eventually  all  the  gelatin  became 
liquefied. 

Add  formation,  as  shown  by  the  neutral-red  reaction,  took  place  in 
dextrose,  mannite,  and  laevulose,  but  not  in  cane  sugar  or  lactose  media. 

One  thousand  c.c.  of  Gran's  medium,  inoculated  on  board  with  10  c.c. 
of  a  surface  sample  immediately  after  collection,  and  kept  at  an  average 
temperature  of  about  20®  C,  showed  the  first  trace  of  nitrite  formation 
after  70  hours.  After  84  hours  a  very  strong  nitrite  reaction  was  obtained, 
and  a  slight  ammonia  reaction  was  given  with  Nessler's  reagent.  The  proc- 
ess of  denitrification,  even  after  the  lapse  of  weeks,  did  not  extend  beyond 
this,  and  no  bubbles  of  gas  were  formed.  Other  experiments  made  with 
subcultures  from  agar  and  gelatin  media  gave  similar  results,  so  that  it 
appears  that  this  bacterium  can  not  entirely  break  down  nitrates  at  a 
temperature  of  20®  C.  The  optimum  temperature  for  denitrification  pro- 
duced by  this  bacterium  appears  to  be  about  20®  C,  as  the  process  was  less 
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rapid  at  average  temperatures  of  17®  C.  and  25*^  C.    At  a  temperature  of 
32®  C,  rapid  growth  took  place,  but  no  denitrification  resulted. 

It  should  be  noted  that  these  temperature  observations  were  only  made 
with  subcultures  from  colonies  on  peptone  agar  and  peptone  gelatin  media, 
and  there  is  reason  to  believe  that  the  power  of  denitrification  becomes 
diminished  after  cultivation  on  such  media.  Further  and  more  accurate 
temperature  experiments  are  required  in  which  the  culture  medium  is 
directly  inoculated  with  freshly  collected  samples  of  water. 

This  bacterium  appears  to  be  closely  related  to  the  Bacterium  calcis^^ 
its  chief  points  of  difference  being: 

1.  Lesser  denitrifying  power  and  lower  temperature  optimum  for  denitri- 

fication. 

2.  More  rapid  growth  on  gelatin  media. 

3.  Absence  of  acid  formation  in  media  containing  cane  sugar. 

INVESTIGATION  OF  SAMPLES  FROM  MARQUESAS  KEYS.  AND  EXPERIMENTAL 
PRECIPITATION  OF  CALCIUM  CARBONATE  BY  BACTERIAL  AGENCY. 

The  Marquesas  Keys  constitute  a  coral  atoll  which  forms  part  of  the 
long  chain  of  keys  separating  the  Gulf  of  Mexico  from  the  Straits  of  Florida. 
Within  the  atoll  the  water  is  very  shallow  and  the  bottom  consists  of  a 
fine  chalky  mud  many  feet  deep.  Samples  of  the  water  from  the  lagoon 
of  the  atoll  were  sent  to  me  at  Plymouth  by  post,  and  examined  14  days 
after  collection. 

On  plating  on  peptone  agar,  an  average  of  800  colonies  per  i  c.c.  of  the 
sample  were  obtained.  These  colonies  appeared  to  be  all  of  one  species, 
and  were  identical  in  appearance  and  in  all  cultural  characteristics  with  the 
Bacterium  calcis  previously  described  as  occurring  around  the  Tortugas. 

A  suspension  of  these  bacteria  from  a  culture  on  peptone  agar  was  made 
in  sterile  sea-water,  and  a  similar  suspension  containing  roughly  the  same 
number  of  bacteria  was  made  from  a  third  subculture  on  peptone  agar  of 
the  bacteria  obtained  from  the  station  70  miles  west  of  Ushant.  i  c.c.  of 
each  of  these  suspensions  was  then  added  to  1,000  c.c.  of  the  modified 
Gran's  medium.  Some  of  these  cultures  were  kept  at  an  average  tem- 
perature of  20®  C.  and  others  at  32^  C,  with  the  following  results: 

At  20^  C.  cultures  from  Marquesas  showed  trace  of  nitrite  after  45  hours. 

At  20^  C.  cultures  from  Marquesas  gave  strong  nitrite  reaction  after  53  hours. 

At  20*  C.  cultures  from  70  miles  west  of  Ushant  showed  trace  of  nitrite  after  140  hours. 

At  20^  C.  cultures  from  70  miles  west  of  Ushant  showed  strong  nitrite  reaction  after  162 

hours. 
In  both  cases  a  slight  amount  of  ammonia  was  recognizable  by  Nessler's  reagent 

when  the  nitrite  reaction  was  strong,  but  decomposition  of  the  nitrite  did 

not  proceed  further  even  after  14  days. 
At  32^  C.  cultures  from  the  Marquesas  showed  trace  of  nitrite  after  18  hours. 
At  32^  C.  cultures  from  the  Marquesas  gave  strong  nitrite  reaction  after  22  hours. 
At  32^  C.  cultures  from  70  miles  west  of  Ushant  never  gave  nitrite  or  ammonia  reaction. 
The  cultures  from  the  Marquesas  showed  a  slight  amount  of  ammonia  formation, 

but  the  decomposition  of  the  nitrite  did  not  proceed  further. 
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THE  EFFECTS  OF  TEMPERATURE  UPON  TROPICAL  MARINE  ANIMALS. 


By  Alfrbd  Goldsborough  Maybr. 


CONCLUSIONS. 


Tropical  marine  animals  commonly  live  within  5®  C.  of  their  temperature 
of  maximum  activity  and  within  10®  to  15®  C.  of  their  upper  death  temper- 
ature. In  marine  animals  of  the  temperate  or  arctic  r^ons  a  considerable 
range  of  temperature  above  or  below  the  normal  produces  relatively  little 
difference  in  their  activities,  but  in  tropical  forms  even  a  few  degrees  of 
heat  or  cold  cause  a  marked  depression  in  movement.  In  tropical  Scypho- 
medusae  this  depression  of  movement  appears  to  augment  about  as  the  square 
of  the  change  in  temperature  from  that  of  the  optimum.  Thus  it  is  more 
depressant  than  one  would  expect  were  it  due  to  a  simple  chemical  reaction. 

As  was  shown  by  Harvey  (191 1),  the  rate  of  nerve-conduction  in  the 
subumbrella  tissue  of  Cassiopea  varies  as  the  increment  of  temperature^ 
increasing  in  a  linear  ratio  as  the  temperature  is  raised. 

Experiments  conducted  at  the  Murray  Islands,  Australian  Great  Bar- 
rier Reef,  show  that  those  corals  which  die  at  temperatures  below  36.5^ 
are  killed  by  being  buried  11  hours  under  the  mud,  but  those  which  resist 
37®,  and  above,  are  proportionally  less  sensitive  to  the  smothering  effects 
of  mud  and  may  survive  being  buried  for  30  to  40  hours.  This  suggests 
that  high  temperature  produces  death  by  causing  asphyxiation,  the  oxygen 
of  the  sea-water  being  insufficient  to  sustain  the  increased  metabolic  activity 
of  the  animal. 

OBSERVATIONS  AND  EXPERIMENTS. 

The  literature  upon  the  effects  of  temperature  on  animal  life  and  activi- 
ties is  both  extensive  and  widely  scattered,  although  Davenport  and 
Castle  (1895),  in  their  paper  in  the  "  Archiv  fiir  Entwicklungsmechanik  der 
Organismen,"  Bd.  2,  have  given  a  list  of  all  previous  papers  treating  of 
experiments  upon  the  maximum  temperature  which  can  be  endured  by 
aquatic  organisms;  and  Bachmetjew  (1899),  in  the  "Zeitschrift  fiir  wissen- 
schaftliche  Zoologie,"  Bd.  66,  presents  a  complete  rfeum6  of  researches  upon 
the  subject  of  the  temperature  of  insects  in  relation  to  that  of  their  sur- 
roundings. Also  a  review  of  works  upon  the  physiological  effects  of  temper- 
ature is  given  by  Demoll  and  Strohl  (1909). 

Probably  no  single  factor  is  a  more  effective  barrier  to  the  extensive 
geographical  range  of  marine  animals  than  is  that  of  temperature.  This 
fact  has  long  been  recognized  and  there  are  many  striking  examples  of  its 
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From  these  experiments  it  appears  that  the  bacteria  from  subcultures 
from  the  Marquesas  have  a  much  greater  denitrifying  power  than  those 
from  subcultures  from  a  point  70  miles  west  of  Ushant,  and  that  as  the 
bacteria  from  the  Marquesas  appear  to  be  of  the  same  species  as  those 
investigated  at  the  Dry  Tortugas,  their  power  of  causing  complete  denitri- 
fication  in  Gran's  medium  has  been  lost  by  successive  cultivations  on 
peptone  agar. 

The  presence  of  the  thick  layers  of  fine  chalky  mud  within  the  Marquesas 
Keys,  and  elsewhere  in  many  places  near  the  Florida  coast,  led  to  a  con- 
sideration of  the  possibility  of  its  precipitation  by  bacterial  agency. 

Since  these  bacteria  grow  freely  in  Gran's  medium,  the  calcium  salt  of 
a  simple  organic  acid  is  a  sufficient  source  of  organic  food  for  them,  and  it 
seems  probable  that  they  would  thrive  in  sea-water  containing  the  products 
of  decomposing  vegetable  matter,  provided  that  the  nitrate  supply  and 
conditions  of  light  and  temperature  were  suitable.  Such  conditions  should 
be  especially  well  fulfilled  by  the  drainage  into  the  sea  of  a  well-wooded 
country  with  a  calcareous  subsoil,  and  the  soluble  organic  calcium  salts 
would  be  precipitated  as  calcium  carbonate  by  the  action  of  the  bacteria. 
In  addition,  the  elimination  of  the  acid  radicle  from  the  nitrate  in  the  process 
of  denitrification,  by  whatever  stages  it  may  occur,  must  leave  the  alkaline 
base  free  to  destroy  the  normal  equilibrium  of  the  salts  in  sea-water,  and  by 
increasing  the  alkalinity  would  also  result  in  the  precipitation  of  calcium 
carbonate. 

To  test  this  theory  cultures  were  made  in  a  medium  having  the  following 
composition : 

Calcium  succinate 2.5  grains 

Potassium  nitrate 0.5  gram 

Sea-water 1,000.0  c.c. 

Calcium  succinate  is  soluble  in  these  proportions  and  the  medium  is 
quite  clear.  Free  growth  was  manifested  by  the  cloudiness  of  the  medium 
48  hours  after  inoculation,  and  nitrite  formation  was  apparent. 

After  96  hours  the  medium  appeared  quite  milky  and  this  milkiness  was 
due  to  the  presence  of  exceedingly  fine  particles  of  a  substance  which  was 
soluble  in  dilute  hydrochloric  acid  with  evolution  of  gas,  and  was  presumably 
calcium  carbonate.  In  some  cultures  these  particles  settled  as  a  definite 
sediment,  but  in  others  the  particles  were  so  minute  that  they  showed  little 
tendency  to  settle  and  could  only  be  separated  with  difficulty  by  centrif  ugal- 
ization.  The  conditions  determining  the  size  of  the  particles  formed  could 
not  be  ascertained,  as  the  size  varied  in  cultures  which  were  apparently  made 
and  grown  under  identical  conditions. 

The  addition  to  cultures  in  which  the  particles  of  calcium  carbonate  were 
so  small  as  to  remain  in  suspension  of  any  foreign  substance,  such  as  finely 
powdered  calcium  sulphate  or  of  larger  particles  of  sand,  resulted  in  the 
aggregation  around  them  of  the  particles  of  calcium  carbonate,  forming  a 
concretion  around  a  central  nucleus.    These  concretions  were  hard  and  of 
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almost  crystalline  appearance  under  the  microscope,  and  were  soluble  in 
dilute  hydrochloric  acid,  with  evolution  of  bubbles  of  a  gas  which,  when  the 
operation  was  performed  on  a  microscopic  slide,  could  be  completely  ab- 
sorbed by  running  in  a  solution  of  sodium  hydrate  under  the  cover  slip. 
Once  this  process  of  concretion  has  been  initiated,  it  appears  to  progress 
independently  of  the  presence  of  particles  which  act  as  nuclei,  and  a  large 
concretion  may  often  be  found  having  a  number  of  smaller  concretions 
around  it,  or  continued  into  a  chain  of  small  spheres,  the  whole  presenting 
somewhat  the  arrangement  shown  by  freely  budding  yeast  cells.  The 
deposition  of  this  form  of  calcium  carbonate  also  takes  place  on  the  sides  of 
the  flask,  and  more  especially  over  any  area  where  the  glass  is  scratched  or 
roughened. 

From  these  results  it  would  seem  strongly  probable  that  the  layers  of 
fine  and  unorganized  chalky  mud  found  in  the  Marquesas  Keys  are  being 
precipitated  by  the  action  of  the  Bacterium  ccUcis,  and  it  would  seem  a 
reasonable  suggestion  that  similar  bacterial  action  may  have  played  an 
important  part  in  the  formation  of  chalk  and  other  limestone  formations 
in  geologic  times.  The  formation  of  semi-crystalline  concretions  around  a 
central  nucleus  at  first  seemed  to  suggest  an  explanation  of  the  formation 
of  oolite  grains,  but  a  mineralogical  examination,  very  kindly  made  by  Dr. 
Fred.  E.  Wright,  showed  that  the  concretions  did  not  possess  that  laminated 
structure  characteristic  of  oolite  grains  and  that  their  crystalline  structure 
was  nearer  that  of  calcite  than  aragonite. 

SOME  CONSIDERATIONS  ON  THE  PHYSIOGRAPHY  OF  THE  TONGUE 
OF  THE  OCEAN  AND  ANDROS  ISLAND. 

The  position  of  the  Tongue  of  the  Ocean  is  shown  in  Chart  A,  which 
includes  the  greater  part  of  the  Bahama  group  and  shows  its  position 
relative  to  Florida  and  Cuba.  The  Tongue  consists  of  a  long  and  narrow 
stretch  of  deep  water,  running  in  a  NNW.-SSE.  direction,  and  except  at 
its  northern  end  it  is  completely  surrounded  by  shallows  or  land.  On  the 
west,  for  about  three-fourths  of  its  length,  it  is  bounded  by  the  coast  of 
Andros  Island;  southwest  of  Andros  it  is  separated  from  Santaren  Channel 
by  some  60  miles  of  shallow  water  lying  over  the  Great  Bahama  Bank; 
to  the  south  it  is  separated  from  the  Old  Bahama  Channel  by  over  50  miles 
of  shallows,  averaging  not  more  than  3  fathoms  in  depth;  to  the  east  it  is 
separated  from  the  deep  water  of  Exuma  Sound  by  from  20  to  40  miles  of 
shallow  water  of  from  2  to  3  fathoms  in  depth,  and  by  the  chain  of  islands 
and  cays  extending  in  a  NNW.  direction  from  Great  Exuma  Island.  The 
mouth  of  the  Tongue  of  the  Ocean  lies  between  New  Providence  Island 
on  the  east  and  the  northern  extremity  of  Andros  Island  on  the  west;  it  is 
here  some  25  miles  wide  and  it  maintains  this  width  for  the  greater  part 
of  its  length  as  it  stretches  south.  Between  the  southern  extremity  of 
Andros  and  Green  Cay  (see  Chart  A)  it  narrows  to  under  20  miles,  but 
south  of  this  point  it  expands  eastward  into  an  almost  circular  terminal 
basin  of  about  35  miles  diameter.    The  total  length  is  about  120  miles. 
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To  the  north,  the  Tongue  of  the  Ocean  is  connected  by  a  stretch  of  deep 
water,  extending  in  a  northeast  direction,  with  the  Providence  NE.  Channel 
and  the  Providence  NW.  Channel,  leading  respectively  into  the  Atlantic 
and  the  Straits  of  Florida,  and  thus  it  is  brought  into  direct  connection  with 
the  two  main  divisions  of  the  Gulf  Stream. 

The  soundings  in  this  area  are  shown  in  Chart  B.  So  far  as  observations 
go  there  seems  to  be  a  slight  but  regular  upward  gradient  from  a  depth  of 
1,084  fathoms  at  the  mouth  to  740  fathoms  in  the  southern  terminal  basin. 
Along  the  margins  the  gradient  is  extremely  steep,  and  along  the  coast  of 
Andros  our  observations  showed  that  it  was  almost  perpendicular  at  a 
distance  of  from  one-fourth  to  one-half  mile  from  the  shore,  but  unfortu- 
nately no  complete  observations  have  been  made  from  which  this  gradient 
could  be  calculated.  When  attempting  to  make  soundings  in  this  area,  the 
sinker  (a  30-pound  conical  iron  weight)  in  every  case  was  caught  upon 
what  was  probably  some  projection  on  a  submarine  cliff,  and  it  was  im- 
possible to  free  it;  after  several  such  attempts  and  loss  of  sinkers,  the 
soundings  were  abandoned.  The  entrance  to  the  Tongue  by  the  Providence 
NE.  Channel  is  of  steadily  increasing  depth  up  to  2,200  fathoms  at  its 
junction  with  the  still  deeper  water  of  the  Atlantic;  the  Providence  NW. 
Channel  becomes  shallower  at  its  junction  with  the  Straits  of  Florida,  and 
between  Great  Isaac  and  the  western  end  of  Bahama  Island  is  only  between 
200  and  300  fathoms  in  depth. 

The  surface  water  of  the  Tongue  of  the  Ocean,  except  along  the  coast  of 
Andros,  is  everjrwhere  continuous  with  that  overlying  the  thousands  of 
square  miles  of  shallows  forming  the  Great  Bahama  Bank  and  the  flats 
and  cays  lying  to  the  north  and  west  of  the  Exuma  Islands,  whereas  the 
deeper  water  is  only  connected  with  the  outer  ocean  by  the  comparatively 
narrow  entrance  between  New  Providence  and  the  north  of  Andros,  leading 
after  a  turn  of  about  90*^  into  the  Providence  NE.  and  NW.  Channels. 

The  laboratory  from  which  this  work  was  done  was  established  at 
Golding  Cay,  at  the  eastern  mouth  of  the  South  Bight  of  Andros;  this 
position  was  especially  suitable  for  the  work,  as  by  running  out  a  few  miles 
in  a  direction  at  right  angles  to  the  coast  line  the  middle  of  the  Tongue  of 
the  Ocean  could  soon  be  reached,  and  also  the  mud  flats  to  the  west  of  the 
island  were  readily  accessible  by  water,  as  the  South  Bight  runs  right 
through  the  island  to  the  west  coast.  In  this  region  the  tides  are  not 
strong,  the  average  rise  and  fall  being  from  2  to  3  feet. 

Much  difficulty  was  experienced  in  getting  any  definite  information  as 
to  the  set  of  currents  in  the  Tongue.  Our  local  pilot  stated  that  a  current 
would  set  in  a  southerly  direction  for  weeks  at  a  time,  and  then  without 
any  apparent  reason  or  change  of  wind  would  reverse  and  set  in  a  northerly 
direction  for  several  weeks;  but  such  information  derived  from  the  negro 
natives  can  not  be  relied  on.  When  taking  observations  on  May  8,  May  1 1 , 
and  May  23,  we  experienced  a  distinct  southerly  drift  on  each  occasion, 
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but  the  amount  o{  this  drift  was  not  determined,  and  moreover  the  drift 
caused  by  the  wind  was  an  unknown  factor.  On  May  8  the  wind  was  SSE.» 
of  force  I  at  S'^so"  a.m.  freshening  to  force  3  at  io'*3o"  a.m.  A  rough  esti- 
mate from  the  landfall  on  returning  gave  the  drift  of  the  boat  as  about  2  miles 
south  during  the  4  hours  occupied  in  working  the  station;  the  boat  had  a 
large  awning  and  exposed  a  considerable  area  to  the  wind  and  had  drifted 
this  distance  against  the  wind,  so  it  would  seem  that  on  that  occasion  there 
must  have  been  a  strong  current  setting  south. 

Andros  Island  consists  of  a  limestone  formation,  the  exact  nature  of 
which  has  been  dealt  with  by  Dr.  T.  Wayland  Vaughan  (17).  The  greater 
part  of  the  island  is  very  flat  and  is  elevated  only  a  few  feet  above  sea-level; 
a  few  irregular  undulations,  probably  not  more  than  100  feet  high,  are  found, 
especially  along  the  east  coast.  There  is  evidence  to  show  that  formerly 
the  level  of  the  land  was  much  higher  than  at  present,  and  signs  of  rapid 
erosion  of  the  rock  are  everywhere  obvious.  One  of  the  most  remarkable 
features  is  the  absence  of  soil,  even  in  the  well-wooded  parts  of  the  island, 
the  trees  and  bushes  growing  directly  out  of  crevices  and  holes  in  the  rock 
and  giving  rise  to  practically  no  leaf -mold.  In  the  numerous  "pot-holes" 
which  occur  all  over  the  island,  a  small  deposit  of  black  leaf-mold  can  be 
found,  and  these  "pot-holes"  are  the  favorite  places  for  the  cultivation  of 
sugar  cane  and  bananas.  The  erosive  action  of  water  on  the  rock  is  espe- 
cially noticeable  where  the  slow  drainage  from  an  inland  swamp  can  be 
traced  in  its  course  to  the  sea;  in  such  a  locality  the  hard  rock  is  eroded, 
honeycombed,  and  undermined  to  a  most  remarkable  degree,  even  though 
the  amount  of  drainage,  except  after  the  heaviest  rains,  can  scarcely  be 
more  than  a  slow  trickle.  Erosion  of  the  rock  along  the  sea-coast,  where 
it  is  exposed  to  the  action  of  the  sea-spray,  is  also  very  marked.  From  the 
occurrence  of  this  erosion  it  is  obvious  that  all  the  water  draining  from  the 
land  into  the  sea  must  contain  a  high  proportion  of  calcium  salts  in  solution. 

Towards  the  west  of  the  island  the  land  is  remarkably  flat,  and  near  the 
coast  consists  of  white  chalky  mud  which  has  partially  dried  and  in  places 
has  formed  a  harder  crust  on  the  surface.  These  half -dried  mud  flats  slope 
almost  imperceptibly  into  the  sea  and  are  continuous  with  the  submarine 
flats  which  extend  some  60  miles  off  the  west  coast  with  an  average  depth 
of  2  to  3  fathoms.  The  mud  forming  these  submerged  flats  is  very  soft, 
and  near  the  coast  it  was  easily  possible  to  push  a  12-foot  sponge-pole  down 
to  its  full  length  into  it  without  touching  any  harder  material.  The  surface 
layer  of  the  mud  for  a  depth  of  about  6  inches  is  of  a  creamy  white  color, 
but  below  that  it  is  of  a  grayish  tinge  and  has  a  slight  odor  of  sulphureted 
hydrogen.  Unfortunately  there  was  no  opportunity  of  obtaining  informa- 
tion as  to  the  real  thickness  of  this  layer  of  mud,  nor  of  investigating  more 
than  the  surface  layers  at  any  distance  from  the  coast. 

Microscopical  examination  showed  that  this  mud  was  almost  entirely 
composed  of  minute  unorganized  particles  of  calcium  carbonate.     Near  the 
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shore  a  good  deal  of  organic  matter  was  present,  chiefly  in  the  form  of  de- 
caying mangrove  roots.  Farther  out  from  the  shore  little  organic  matter 
was  noticeable,  but  it  was  not  possible  to  examine  the  deeper  layers  of  the 
mud  in  these  situations.  The  only  organic  matter  that  was  seen  consisted 
of  the  rootlets  of  a  species  of  Zostera^  found  in  occasional  patches  some  miles 
off  the  coast. 

BACTERIAL  INVESTIGATIONS  IN  THE  DEEP  WATER  OF 
THE  TONGUE  OF  THE  OCEAN. 

Continued  bad  weather  during  the  whole  of  our  stay  at  Andros  greatly 
added  to  the  difficulties  of  this  work,  and  on  this  account  it  was  only  found 
possible  to  work  three  stations.  The  last  two  were  worked  under  the  most 
disadvantageous  conditions,  the  quick  roll  of  the  boat  making  the  filling 
of  the  water-bottle  with  alcohol  and  the  siphoning  off  of  the  sample  under 
sterile  conditions  a  matter  of  the  greatest  difficulty. 

The  first  station  worked  was  6  miles  due  east  of  Golding  Cay,  the  second 
14  miles  east  of  Golding  Cay,  and  the  third  10  miles  ENE.)^.  of  Golding 
Cay.  The  three  stations  were  thus  at  the  angles  of  a  triangle  which  was 
nearly  equilateral,  the  base  being  a  little  longer  than  the  sides  and  running 
due  east  and  west. 

At  the  first  station,  worked  on  May  8,  bottom  was  sounded  at  822 
fathoms.  The  sea  was  calm  at  first,  with  a  SSE.  swell,  but  became  choppy 
later.  The  wind  was  SSE.,  force  o  to  i,  at  8*'3o"  a.m.,  freshening  to  about 
force  3  at  lo'^so"  a.m.  The  sample  of  the  bottom  obtained  by  the  snapper- 
rod  was  of  a  very  stiff  clay-like  consistency,  grayish  white  in  color,  and  was 
composed  of  very  minute  unorganized  particles  of  calcium  carbonate 
containing  a  few  pteropod  and  globigerina  shells.  The  following  tempera- 
tiu'es,  to  which  the  necessary  corrections  have  been  applied,  were  recorded: 


Depth. 

Pm$, 
Suifaoe 

10 

so 

100 

aoo 


iTempeiature. 


a6.90 
35.90 
35.14 

92.00 

17.13 


Depth. 


Pms, 
400.. 


600 

Bottom  (8aa  fnu.) . 


Temperature. 


f9.03 
8.93 

,  1.78^ 
4.6a 
4.00 

(3.94 


avenge  ■  8.98 
averaoe  *  4*70 
aveiafle  -  3.97 


These  samples,  without  previous  dilution,  were  plated  in  peptone  agar, 
I  c.c.  of  the  sample  being  used  for  each  plate.  The  agar  was  cooled  to  just 
under  40®  C.  before  plating.  It  is  very  necessary  that  this  temperature 
should  not  be  exceeded,  as  many  marine  bacteria  are  very  sensitive  to  heat; 
the  use  of  agar  at  as  high  a  temperature  as  45^  C.  will  cause  the  death  of  a 
large  proportion  of  the  bacteria,  though  in  the  process  of  plating  they  can 
be  exposed  to  this  temperature  only  for  a  very  short  time.  The  cultures 
were  kept  in  the  dark  at  the  room  temperature  (averaging  about  28®  C.) 
and  at  the  end  of  24  hours  a  free  growth  of  colonies  was  apparent.  At  the 
end  of  48  hours  the  plates  were  counted  with  the  following  results: 
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DenthOntetiioms). 
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From  these  counts  it  is  apparent  that  the  number  of  bacteria  falls  off  at 
some  point  between  200  and  400  fathoms. 

The  second  station  was  worked  on  May  11  at  a  point  14  miles  due  east 
of  Golding  Cay.  The  sea  was  calm  at  first,  and  the  wind  ENE.,  force  i, 
but  later  in  the  day  a  heavy  swell  set  in  and  the  wind  freshened  to  about 
force  4;  eventually  the  weather  became  so  bad  that  it  was  impossible  to 
work,  and  the  station  had  to  be  abandoned  before  it  was  completed. 
Bottom  was  sounded  at  890  fathoms,  but  there  was  some  stray  on  the  wire, 
so  that  the  true  depth  was  probably  about  825  fathoms,  as  shown  by  the 
chart.  The  bottom  consisted  of  fine  iK^ite  calcareous  ooze;  no  remains  of 
pteropods  were  seen,  but  some  globigerina  shells  were  present.  The  follow- 
ing temperatures  were  recorded : 


DepUi. 


Pms, 


10.. 

so.. 

100.. 


Temperature. 


average -I44i 
average-  9-79 
avence-  w 


Samples  down  to  a  depth  of  200  fathoms  were  diluted  i  in  100  with 
sterilized  sea-water  before  plating.  The  following  results  were  obtained 
after  48  hours'  growth: 


Depth. 

No.ofcoloiiiea 

developiiis 

from  I  ex.  of 

sample. 

Pmu 
Surface 

X6.300 
X3.X00 

X4.000 

X4.000 

XS.000 

14 

X3 

xo 

50 

xoo 

aoo 

300 

400 

The  figures  given  represent  the  mean  of  the  number  of  colonies  develop- 
ing in  the  two  plates  that  were  made  from  each  sample.  It  is  here  apparent 
that  the  number  of  bacteria  per  i  c.c.  falls  oflf  very  rapidly  between  200  and 
300  fathoms. 
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The  third  station  was  worked  on  May  23  at  a  point  10  miles  ENE.J^E. 
of  Golding  Cay.  The  wind  was  east,  of  about  force  4.  As  it  had  been 
blowing  for  the  previous  ten  days  without  intermission,  the  sea  was  so  rough 
that  it  was  only  possible  to  work  when  steaming  slowly  ahead  into  the  wind. 
This  resulted  in  the  production  of  a  great  deal  of  stray  on  the  sounding- 
wire,  so  that  the  number  of  fathoms  of  wire  run  out  is  greater  than  the 
actual  depth  at  which  the  samples  were  taken;  these  differences  will  be 
large  for  the  more  superficial  samples,  but  small  at  greater  depths,  as  the 
wire  strays  in  a  curve  whose  gradient  becomes  very  steep  a  little  below  the 
surface  under  these  conditions. 

The  following  temperatures  were  recorded : 


Len£th  of  wire  run  out.           Temperature. 

Length  of  wire 
run  out. 

Temperature. 

Pms.                                                        'C.               Fms. 

Surface I       27.10 

20                                                        26  so            *     •  • .  • 

lOO 23.80 

350 

x6o 18.83 

At  this  point  the  station  had  to  be  abandoned,  owing  to  the  bad  weather. 
The  samples  down  to  i6o  fathoms  were  diluted  i  in  loo  with  sterilized  sea- 
water  before  plating  in  peptone  agar;  the  remaining  two  were  plated  undi- 
luted. At  the  end  of  48  hours  the  following  counts  were  made,  representing 
the  mean  of  the  number  of  colonies  in  the  two  plates  made  from  each 
sample: 


^L    *    .           No.  of  colonies 

^"^^L^^      'developin«from 

™°  o"t-             ICC.  of  sample. 

Fms. 

Surface 

20 

15,000 
15,500 

100 

13,700 

13.300 

14,300 

16 

160 

250 

3S0 

The  colonies  developing  in  all  the  cultures  were  only  of  two  kinds,  the 
Bacterium  calcis  and  the  non-denitrifying  species  already  described.  The 
non-denitrifying  species  formed  a  relatively  small  proportion  of  the  total, 
and  were  not  found  at  all  in  cultures  made  from  samples  taken  below  250 
fathoms.  As  they  appear  to  be  comparatively  inactive  chemically,  and 
as  nothing  is  at  present  known  concerning  the  part  played  by  them  in  the 
metabolism  of  the  sea,  they  will  not  be  further  considered  here. 

A  consideration  of  these  results  obtained  in  the  Tongue  of  the  Ocean 
shows  that  the  waters  down  to  a  depth  of  somewhere  about  300  fathoms 
in  April  1912  contained  an  enormously  larger  number  of  bacteria  than  the 
water  in  the  neighborhood  of  Tortugas  in  June  191 1.  The  number  of 
bacteria  falls  off  from  about  14,000  to  about  12  per  i  c.c.  between  depths  of 
250  and  350  fathoms;  the  temperature  at  250  fathoms  was  about  15®  C. 
and  at  350  fathoms  about  11^  C,  and  it  was  shown  in  June  191 1  at  Tortugas 
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that  B.  calcis  will  grow  slowly  at  15°  C,  but  that  growth  is  totally  inhibited 
at  10**  C.  It  would  thus  seem  that  the  observed  distribution  of  the  bacteria 
agrees  fairly  with  what  might  be  expected  from  the  temperature  conditions. 

As  regards  these  observations  on  the  occurrence  of  bacteria  in  small 
numbers  at  depths  below  350  fathoms,  the  possibility  of  experimental  error 
must  be  considered;  a  leakage  into  the  water-bottle  of  0.25  c.c,  as  it  was 
being  hauled  up  through  the  last  300  fathoms,  would  account  for  the  number 
found,  and  there  are  also  many  possible  sources  of  error  in  the  process  of 
siphoning  off  the  sample  and  making  the  cultures  where  a  permanent  labor- 
atory is  not  available.  It  is  possible  that  the  water  below  350  fathoms  was 
really  sterile,  though  if  so  the  constancy  of  the  results  obtained  is  curious  if 
ascribed  to  experimental  error.  In  any  case,  the  small  number  of  bacteria 
found  at  depths  below  350  fathoms  can  play  no  part  in  the  metabolism  of 
the  sea,  since  it  has  been  shown  that  B.  calcis  is  incapable  of  growth  at  the 
temperatures  obtaining  at  these  depths. 

The  much  greater  abundance  of  bacteria  in  the  surface  waters  of  the 
Tongue  of  the  Ocean  than  in  the  waters  around  Tortugas  may  perhaps  be 
accounted  for  by  the  fact  that  in  the  Tongue  of  the  Ocean  by  far  the  greater 
part  of  the  surface  water  must  flow  over  the  immense  chalky  mud  flats  and 
shallows  which  bound  it  in  most  directions  and,  as  will  presently  be  shown, 
these  mud  flats  are  phenomenally  rich  in  bacteria  and  are  probably  still 
being  deposited  by  bacterial  agency. 

HYDROGRAPHIC  OBSERVATIONS  IN  THE  TONGUE  OF  THE  OCEAN. 

The  samples  of  water  taken  for  hydrographic  investigations  were 
analyzed  by  Mr.  D.  J.  Matthews  at  Plymouth.  With  great  kindness  he 
calculated  the  results,  and  from  his  notes  the  following  observations  and 
conclusions  are  drawn. 

The  samples  were  analyzed  for  salinity  in  comparison  with  the  standard 
sea-water  supplied  by  the  Central  Laboratory  of  the  Conseil  International 
pour  TExploration  de  la  Mer,  and  hence  the  results  are  strictly  comparable 
with  all  other  analyses  published  under  the  auspices  of  this  International 
Council.    The  following  results  were  obtained : 


Depth. 

At  fint  ttation,  < 

S  mikt  east  of  Golding  Cay. 

Temp. 
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<ro         1          9t 
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10 
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36.64 
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25.48 

aoo 

17.13 
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3648 
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8.98 

19.S8 

35.37 

2843 

27.43 

4.70 

1949 

35.21 

28.30 

27.90 

8aa 

3.97 

19.367 

34.98 

28.IX 

27.79 

NoU. — ^The  original  surface  sample  was  lost,  owing  to  breakage  of  the  bottle  in  transit  to  England.  The 
analsrsis  was  made  on  a  sample  taken  %  days  later  at  the  same  spot. 

In  thistable  01  *^  means  the  weiuit  of  chlorine  in  grams  found  in  1.000  grams  of  sea-water.  S  */•  means 
the  saUnity,  or  total  weight  of  salt  in  grams  found  in  1,000  grams  of  sea-water.  0%  represents  the  specific 
gravity  of  the  sample  at  o^  C,  and  9t  represents  the  si)edfic  gravity  of  the  sample  at  the  temperature  i  at  which 
it  was  ooUected,  with  no  correction  for  pressure. 
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At  the  second  station,  13.5  miles  east  of  Golding  Cay,  the  following 
results  were  obtained: 
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Fig.  2. — ^Section  across  the  Tongue  of  the  Ocean  from  Golding 
Cay,  Andros  Island,  showing  salinities  and  temperatures. 

Owing  to  the  uncertainty  of  the  depths  at  the  third  station,  due  to  the 
bad  weather  and  consequent  stray  on  the  wire,  it  was  decided  not  to  include 
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these  observations  in  a  consideration  of  the  hydrographic  conditions,  and 
to  make  what  deductions  were  possible  from  the  results  obtained  at  the 
two  stations  given. 

Figure  2  shows  the  vertical  distribution  of  layers  of  different  salinities 
at  the  two  stations  in  diagrammatic  form. 
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Fig.  3. — Temperature  curves. 

Coatiniioiif  line  -Statkm  x. 

Broken  line  ""Station  a. 

Dotted  line  »CkalUngtr  Station  No.  37.t 

The  curves  in  figure  3  show  the  vertical  distribution  of  temperatures  at 
the  two  stations,  and  also  give  the  temperatures  obtained  by  Challenger 
Station  No.  27  in  22**  49'  N.,  65**  19'  W.  March  28,  1873,  where  the  depth 
was  2,960  fathoms.  It  is  interesting  to  note  that  the  actual  reading  at 
200  fathoms  at  the  latter  station,  17.22**  C,  agrees  more  closely  with  the 
temperatures  in  the  Tongue  of  the  Ocean  than  that  taken  from  the  smoothed 
curve,  which  was  18.17**  C. 

The  curves  in  figure  4  show  the  vertical  distribution  of  salinities  at  the 
two  stations,  and  also  the  salinities  obtained  by  the  Michael  Sars  in  37**  12' 
N.,  48**  30'  W.,  on  June  25,  1910. 

From  these  tables  and  diagrams  it  can  be  seen  that  the  surface  salinity 
increases  from  west  to  east  very  rapidly,  0.34  per  cent  in  7.5  miles,  but  the 
surface  temperature  is  fairly  uniform,  between  26°  C.  and  27**  C. 

At  both  stations  the  salinity  increases  downwards  to  a  maximum  prob- 
ably lying  between  10  fathoms  and  50  fathoms,  but  more  rapidly  at  Station 
1,  so  that  from  10  fathoms  to  50  fathoms  the  salinity  decreases  from  west 
to  east. 
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Below  lOO  fathoms  the  conditions  are  closely  similar  at  both  stations, 
as  far  as  the  observations  go;  the  salinity  decreases  fairly  rapidly  to  400 
fathoms  and  then  more  slowly  to  the  bottom. 

The  temperatures  decrease  rapidly  and  uniformly  from  the  surface  to 
about  500  fathoms,  then  more  slowly  to  the  bottom. 
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Fig.  4. — ^Salinity  curves. 
Contlnooiu  line  *■  Station  x. 
Broken  line  -Station  2. 
Dotted  line  ^UUhoA  Sars  Station  No.  65- 


There  is  practically  no  thermocline  (German  "sprungschicht")  in  the 
temperature  at  any  depth  and  only  a  poorly  marked  one,  confined  to  the 
upper  stratum,  in  salinity. 

The  absence  of  a  temperature  thermocline  is  remarkable  (see  the  curves 
for  the  two  stations,  and  the  two  from  the  Michael  Sars  and  the  German 
South  Pole  Expedition,  drawn  for  comparison). 

In  general,  below  about  250  fathoms  the  temperatures  and  salinities 
agree  with  the  nearest  stations  of  the  Michael  Sars  in  the  open  Atlantic; 
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above  this  depth  they  are  higher,  and  differ  from  them  and  the  open  ocean 
north  of  the  belt  of  calms,  in  the  absence  of  a  temperature  thermocUne,  and 
in  the  maximum  salinity  being  found  below  the  surface.  The  latter  points 
either  to  a  considerable  local  supply  of  fresh  water  or  to  a  current  of  lower 
salinity  from  either  the  Florida  stream  or  the  region  of  equatorial  calms. 
Unfortunately  we  have  no  reliable  salinity  observations  for  the  two  latter. 
With  regard  to  the  accuracy  of  the  work,  Mr.  Matthews  makes  the 
following  remarks: 

THB  ACCURACY  OF  THB  OBSERVATIONS. 

a.  SaUnity, — ^The  method  of  taking  the  samples  from  the  water-bottle  was  rather  incon* 

venient,  as  a  siphon  was  used;  the  samples  were  very  small,  but  well  pre- 
served.   The  water-bottle  itself  might  have  leaked  or  closed  at  the  wrong 
depth,  as  was  the  case  with  earlier  models.^    That  this  was  not  so  is  shown  by 
(i)  The  sharp  fall  in  the  number  of  bacteria  at  between  200  and  300  fathoms. 

(2)  The  close  agreement  of  the  salinities  at  400  fathoms,  the  greatest  depth  at  which 

they  were  taken  on  both  stations.    Station  I  gave  35.37;  Station  II,  35.34. 

(3)  The  close  agreement  between  the  bottom  salinity  at  Station  1, 34.98  at  822  fathoms, 

and  the  salinity  found  at  the  same  depth  at  the  nearest  position  at  which  we 
have  modern  observations — ^i.  e.,  Michael  Sars  Station  65,  in  37®  12'  N.,  48* 
30'  W.,  June  1910;  according  to  the  curve  this  is  about  34.96. 

b.  Temperatures, — ^The  National  Physical  Laboratory  correction  was  given  to  o.i*  only, 

but  the  readings  below  15^  are  comparable  among  themselves  to  0.05^  or 
possibly  less.  The  curves  of  temperature  for  the  two  stations  agree  well  in 
shape  below  300  fathoms,  but  the  temperature  on  Station  II  is  generally 
slightly  higher  than  on  Station  I,  as  a  rule  by  an  amount  corresponding  to  a 
difference  of  depth  of  about  20  to  25  fathoms. 

Below  200  fathoms  the  curves  for  both  stations  agree  very  closely  with 
that  for  Michael  Sars  Station  64,  in  34"*  44'  N.,  47"*  52'  W. 

It  is  almost  certain  from  the  above  considerations  that  the  results  are 
only  incorrect  by  the  experimental  errors  in  measuring  the  depth,  in  deter- 
mining the  salinity  (0.0 1®  at  most),  and  by  perhaps  0.1°  C.  of  temperature. 

These  observations  are  sufficient  to  show  that  the  Tongue  of  the  Ocean 
is  an  area  of  considerable  interest  from  a  hydrographic  point  of  view,  and 
it  is  much  to  be  regretted  that  the  continued  bad  weather  during  our  stay 
made  it  impossible  to  obtain  more  observations  and  samples. 


BACTERIAL  Iha^ESTIGATION  OF  THE  CHALKY  MUD  FLATS  WHICH  ARE  BEING 
DEPOSITED  TO  THE  WEST  OF  ANDROS  ISLAND. 

Samples  of  the  mud  were  taken  from  the  western  entrance  of  South 
Bight  (see  Chart  B),  and  from  points  2  and  3  miles  out  from  the  shore; 
practically  identical  results  were  obtained  from  all  these  localities.  The 
sample  at  the  mouth  of  the  bight  was  taken  in  about  4  feet  of  water,  that  2 
miles  out  in  7  feet,  and  that  3  miles  out  in  8  feet.  The  samples  were  neces- 
sarily taken  from  the  surface  of  the  mud. 

>  The  water-bottle  only  failed  once,  at  about  890  fathoma  at  Station  II. 
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For  bacterial  examination,  one  part  of  this  mud  was  shaken  up  with 
three  parts  of  sterilized  sea-water;  this  was  allowed  to  settle  for  15  minutes, 
and  then  the  clearer  surface  layer  was  diluted  i  in  1,000,000  with  sterilized 
sea-water.  The  diluted  fluid  was  plated  in  peptone  agar,!  c.c.  being  used 
for  each  of  the  plates.  The  count  of  a  number  of  plates  after  48  hours  gave 
40  colonies  as  an  average,  and  thus  the  mud  itself  must  contain  40  X  4  X 
1,000,000  =  160,000,000  bacteria  per  i  c.c.  The  actual  number  in  the 
mud  possibly  exceeds  this  figure,  since  a  large  proportion  of  the  bacteria 
would  probably  settle  with  the  larger  particles  after  the  first  dilution. 

The  bacteria  found  in  these  cultures  were  nearly  all  the  B.  calcis;  only 
occasionally  were  a  few  colonies  of  the  non-denitrif3dng  species  seen. 

A  sample  of  the  water  taken  from  the  surface  at  a  spot  3  miles  out  from 
the  western  entrance  of  South  Bight  gave  a  count  of  35,000  colonies  per 
I  c.c,  the  great  majority  of  these  being  B.  calcis. 

Subcultures  of  B.  calcis  were  made  in  Gran's  medium,  and  in  the  calcium 
succinate,  calcium  acetate,  and  peptone  calcium  acetate  media,  whose 
composition  has  already  been  given.  Denitrification  in  all  these  media 
was  rapid  and  eventually  complete,  and  was  accompanied  by  the  precipi- 
tation of  calcium  carbonate.  In  the  last  three  media,  which  contained  no 
solid  matter  and  were  quite  clear  and  transparent  before  inoculation,  this 
precipitation  was  manifested  after  12  hours  by  the  formation  of  a  thick 
white  cloud  in  the  fluid,  readily  distinguishable  from  the  cloudiness  pro- 
duced merely  by  bacterial  growth.  The  development  of  this  precipitate 
continued  rapidly  during  the  first  48  hours,  but  in  many  cases  it  was  com- 
posed of  such  fine  particles  that  they  showed  little  tendency  to  settle  to 
the  bottom  of  the  flask;  in  other  cases  larger  particles  were  formed  and  a 
sediment  similar  in  appearance  to  the  chalky  mud  of  the  mud  flats  was 
produced.  The  exact  conditions  determining  the  size  of  the  particles 
precipitated  could  not  be  ascertained,  as  the  size  varied  largely  in  cultures 
made  at  the  same  time,  in  the  same  media,  and  kept  apparently  under  the 
same  conditions.  The  addition  of  magnesium  tartrate  in  small  quantities 
(0.2  gram  per  1,000  c.c.)  to  the  culture  media  seemed  to  induce  the  precipi- 
tation of  larger  particles,  but  it  did  not  appreciably  affect  the  rate  of  growth 
of  the  bacteria.  In  some  of  the  older  cultures  that  had  been  kept  for  a 
week  or  more,  the  sides  of  the  flasks  were  coated  with  a  thin  layer  consisting 
of  extremely  minute  rhombohedral  crystals  of  calcium  carbonate.  Occa- 
sionally these  crystals  formed  around  small  bubbles  that  had  remained  near 
the  surface  of  the  fluid,  the  weight  of  the  crystals  eventually  caused  the 
bubbles  to  sink,  and  then  the  contained  gas  became  dissolved;  in  this  way 
a  number  of  small,  hollow  spheres  were  formed,  their  walls  consisting  of 
minute  crystals  of  calcium  carbonate.  The  formation  of  these  curious 
bodies  occurred  especially  readily  in  the  calcium  succinate  medium  to  which 
0.2  gm.  of  magnesium  tartrate  per  liter  had  been  added.  The  deposition 
of  calcium  carbonate  in  a  distinctly  crystalline  form  was  only  noted  in  old 
-cultures,  and  then  it  was  in  an  amount  relatively  extremely  small  when 
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compared  to  the  precipitate  of  unorganized  and  amorphous  calcium  car- 
bonate. 

Specimens  of  the  precipitates  from  some  of  the  culture  media  were  sent 
to  Dr.  Fred.  E.  Wright,  of  the  Geophysical  Laboratory  of  the  Carnegie 
Institution  of  Washington,  who  described  them  as  follows: 

Preparation  I:  Precipitate  from  medium  composed  of  calcium  acetate  5.0  grams, 
potassium  nitrate  0.5  gram,  peptone  (Witte's)  0.2  gram,  sea-water  1,000.0  ex.,  filtered 
and  sterilized,  contains  two  substances:  (i)  Fine  grains  of  a  strongly  birefracting,  appar* 
ently  uniaxial,  optically  negative  substance  and  with  refractive  index  about  1.66.  Tliis  is 
probably  caldte.  The  grains  are  isolated,  and  no  evidence  oi  spherulitic  crystallization 
was  observed.  On  treatment  with  very  dilute  hydrochloric  acid  a  noticeable  evolution  of 
carbon  dioxide  took  place.  (2)  Scattered  through  the  preparation  are  fine  needles  of  a 
weakly  birefracting  substance  of  refractive  index  of  about  1.525;  extinction  angle  large.  -^ 
These  needles  are  evidently  selenite  (hydrated  calcium  sulphate). 

Preparation  II:  Precipitate  from  medium  composed  of  calcium  succinate  2.0  grams, 
magnesium  tartrate  0.2  gram,  potassium  nitrate  0.5  gram,  sea-water  1,000.0  cc,  consists 
largely  of  a  cryptocrystalline  aggregate  of  a  weakly  birefracting  substance,  whose  refractive 
index  is  about  1.52  to  1.53.  This  substance  proved  too  fine  for  further  determination. 
Scattered  through  this  substance  are  rounded  and  irregular  patches  of  a  second  crypto- 
crystalline substance  of  strong  birefringence,  which  gives  off  COs  when  treated  with  dilute 
hydrochloric  acid,  and  is  probably  calcite. 

Preparation  III:  Precipitate  from  a  medium  composed  of  calcium  acetate  5.0  grams» 
sodium  phosphate  (NasHP04i2HsO)  0.25  gram,  potassium  nitrate  0.5  gram,  sea- water 
1,000.0  C.C.,  is  again  very  fine-grained  and  consists  (i)  in  large  measure  of  minute  grains  of 
a  substance  which  agrees  with  calcite  in  its  optical  properties  in  so  far  as  they  could  be 
determined.  On  immersion  in  dilute  HCl  a  distinct  evolution  of  COt  gas  was  observed. 
(2)  Of  a  substance  whose  grains  are  somewhat  coarser  than  the  calcite  grains,  their  bire- 
fringence being  medium  to  weak;  refractive  index  about  1.525;  biaxial  and  apparently 
optically  poeittve;  probably  selenite,  but  not  crystallized  in  the  usual  manner. 

The  small  quantity  of  hydrated  calcium  sulphate  present  in  these 
precipitates  is  undoubtedly  derived  from  that  in  solution  in  the  sea-water 
with  which  the  media  were  made  up,  but  the  reason  of  its  precipitation  b 
difficult  to  explain,  since  no  such  precipitation  occurred  in  culture  media 
kept  uninoculated  under  similar  conditions  as  control  experiments.  It 
would  therefore  appear  that  this  deposition  of  calcium  sulphate  along  with 
the  calcium  carbonate  must  in  some  indirect  way  be  the  result  of  bacterial 
action,  and  it  would  seem  a  possible  suggestion  that  the  odor  of  sulphureted 
hydrogen  noticeable  in  the  deeper  layers  of  the  mud  flats  might  be  due  to 
the  reduction  of  the  calcium  sulphate  to  a  sulphide,  and  subsequent  decom- 
position of  the  sulphide. 

These  observations  have  shown  that  on  the  chalky  mud  flats  of  the 
Great  Bahama  Bank  the  B.  calcis  is  found  in  enormous  numbers,  and  also 
that  this  bacterium  is  capable  of  precipitating  calcium  carbonate  from 
fluid  media  containing  soluble  calcium  salts.  It  would  seem  a  fair  deduction 
that  these  mud  flats,  consisting  of  fine  unorganized  particles  of  calcium 
carbonate,  have  been  precipitated  by  the  action  of  the  B,  calcis  on  the 
soluble  calcium  salts  carried  into  the  sea  by  drainage  from  the  land,  where 
extensive  and  rapid  weathering  of  the  limestone  rock  is  in  progress. 
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CONCLUSION. 

The  observations  so  far  available  are  too  few,  and  the  area  they  cover 
too  small,  to  attempt  to  make  any  broad  generalization  at  present.  How- 
ever, it  can  be  stated  with  a  fair  degree  of  certainty  that  the  very  extensive 
chalky  mud  flats  forming  the  Great  Bahama  Bank  and  those  which  are 
found  in  places  in  the  neighborhood  of  the  Florida  Keys  are  now  being 
precipitated  by  the  action  of  the  Bacterium  calcis  on  the  calcium  salts 
present  in  solution  in  sea-water.  From  this  the  suggestion  is  obvious  that 
the  Bacterium  calcis^  or  other  bacteria  having  a  similar  action,  may  have 
been  an  important  factor  in  the  formation  of  various  chalk  strata,  in  addi- 
tion to  the  part  played  by  the  shells  of  foraminifera  and  other  organisms  in 
the  formation  of  these  rocks.  Dr.  T.  Wayland  Vaughan  has  also  suggested 
that  the  Miami  oolite  and  other  oolitic  rocks  may  owe  their  origin  to  the 
occurrence  of  some  diagenic  change  in  the  precipitate  of  very  finely  divided 
particles  of  calcium  carbonate  produced  in  this  way  by  bacterial  action. 
If  this  view  as  to  the  formation  of  chalk  and  oolite  rocks  is  correct,  it  would 
seem  probable  that  these  strata  must  have  been  deposited  in  comparatively 
shallow  seas  whose  temperature  approximated  to  that  of  tropical  seas  at 
the  present  time. 

It  has  also  been  shown  that  bacterial  denitrification  is  far  more  rapid 
and  complete  in  the  tropical  seas  around  Jamaica,  Tortugas,  and  Andros 
than  in  the  temperate  waters  of  the  Bay  of  Biscay  and  the  English  Channel, 
and  hence  an  explanation  is  provided  of  the  relative  scarcity  of  plankton 
and  algal  growth  in  the  former  localities,  in  accordance  with  the  terms  of 
Brandt's  hypothesis. 

The  distribution  of  the  bacteria,  both  as  to  numbers  and  species,  has 
been  shown  to  vary  at  different  localities  and  at  different  depths,  but  there 
are  at  present  too  few  observations  to  enable  any  conclusions  or  generaliza- 
tions to  be  drawn. 

As  it  now  stands,  the  investigation  can  at  most  be  considered  to  offer 
a  mere  indication  of  the  part  played  by  bacterial  growth  in  the  metabolism 
of  the  sea.  To  obtain  a  real  insight  into  the  question,  it  would  be  necessary 
to  make  more  extensive  bacterial  and  chemical  observations  in  tropical, 
temperate,  and  arctic  waters,  to  study  the  bacteriology  of  other  areas  where 
calcium  carbonate  is  being  precipitated  from  the  sea,  and  to  make  further 
investigations  in  the  laboratory  into  the  chemistry  of  the  reactions  that  can 
be  brought  about  by  various  species  of  marine  bacteria. 
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PRELIMINARY  REMARKS  ON  THE  GEOLOGY  OF  THE  BAHAMAS, 

WITH  SPECIAL  REFERENCE  TO  THE  ORIGIN  OF  THE 

BAHAMAN  AND  FLORIDIAN  OOLITES.* 


By  Thomas  Wayland  Vaughan. 


At  Doctor  Mayer's  request  the  following  preliminary  statement  on 
certain  aspects  of  Bahaman  geology  and  on  the  origin  of  the  Bahaman  and 
Floridian  oolites  is  submitted  as  a  companion  paper  to  that  of  Mr.  Drew, 
whose  untimely  death  is  both  a  source  of  great  sorrow  to  his  friends  and  a 
heavy  loss  to  science.  As  Drew's  investigations  have  proven  an  essential 
step  in  the  solution  of  the  problem  of  the  origin  of  the  extensive  oolitic  lime- 
stone formations  of  Florida  and  the  Bahamas,  it  is  fitting  that  an  account  of 
the  processes  by  which  they  originate  should  accompany  his  posthumous 
memoir.  Although  the  investigation  of  the  rock  specimens  and  bottom 
samples  obtained  in  the  Bahamas  and  Florida  from  April  to  July  191 2  is 
not  complete,  certain  definite  and  some  tentative  conclusions  have  been 
reached  which  may  here  be  appropriately  stated. 

The  Bahama  Islands  and  their  accompanying  shoals  occupy  a  triangular 
area  which  lies  east  of  Florida  and  north  of  the  islands  of  Cuba  and  Haiti. 
The  northwest  comer  of  the  triangle  is  in  latitude  27®  35'  N.,  longitude 
79^  2'  W.,  about  40  miles  north  of  Jupiter  Inlet  on  the  Florida  coast.  The 
southeast  comer  is  Turks  Islands,  north  of  Haiti,  in  latitude  21**  20'  N. 
and  longitude  71**  5'  W.  The  western  side  is  a  nearly  north-and-south  line 
from  Little  Bahama  Bank  to  about  latitude  25®  30',  whence  the  boundary 
bends  into  a  south-of-east  direction.  The  islands  either  occur  on  one  of 
two  large  banks,  the  Little  Bahama  and  the  Great  Bahama  Banks,  or  they 
rise  to  the  southeast  of  the  latter  bank  as  isolated  eminences  separated  by 
water  as  much  as  1,000  fathoms  in  depth. 

The  shoalest  water  in  the  bottom  of  New  Providence  Channel  between 
Little  and  Great  Bahama  Banks  is  253  fathoms  in  depth ;  that  in  the  Straits 
of  Florida,  between  the  former  bank  and  the  Florida  coast,  off  Jupiter  Inlet, 
is  341  fathoms  deep;  between  the  latter  bank  and  Florida  the  depth  is  422 
fathoms.  The  Great  Bahama  Bank  is  separated  from  Cuba  by  the  Old 
Bahama  Channel,  which  ranges  from  276  to  296  fathoms  in  depth.  This 
bank  is  indented  by  two  bodies  of  deep  water.     The  first  of  these,  theTongue 

>  The  Investigatiooi,  Uie  reniltt  of  which  are  here  presented,  were  conducted  under  the  Joint  auipices  of 
the  Department  of  Marine  Biology  of  the  Carnegie  Institution  of  WasMngton  and  the  United  States  Geological 
Survey.  The  former  organization  furnished  opportunities  for  field  work,  while  the  latter  authorized  the  prose- 
•cution  of  the  investigation  as  a  part  of  my  official  duties*  and  furnished  facilities  for  laboratory  studies  in 
WasUngton. 
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of  the  Ocean,  is  sack-shaped  and  lies  east  of  Andros  Island  and  west  of  the 
bank,  on  the  northern  end  of  which  is  New  Providence  Island.  Its  depth 
ranges  from  795  to  1,200  fathoms.  The  second  indentation,  Exuma  Sound ^ 
is  eastward  from  the  Tongue  of  the  Ocean,  across  the  bank  and  keys  ex- 
tending southward  from  New  Providence  Island.  This  sound  is  purse- 
shaped  and  exceeds  i  ,000  fathoms  in  depth.  Water  i  ,000  fathoms  in  depth 
is  close  to  the  eastern  shore  of  the  Bahamas  as  far  north  as  Elbow  Cay 
on  Little  Bahama  Bank.  Eastward  of  the  1,000-fathom  curve  the  bottom 
rapidly  descends  to  a  depth  between  2,000  and  3,000  fathoms.  The  Bahama 
Islands  are  subaerial  protuberants  above  the  nearly  level,  slightly  sub- 
merged surfaces  of  extensive  plateaus  which  on  one  or  more  sides  rise  pre- 
cipitously from  oceanic  depths. 

The  water  from  Gun  Key  to  Northwest  Passage,  a  distance  of  67  knots, 
is  only  7  to  12  feet  in  depth,  while  the  bottom  southeast  of  New  Providence 
Island  ranges  from  awash  to  12  or  18  feet  below  water-level.  New  Provi- 
dence Island  is  mostly  a  platform  from  sea-level  to  20  feet  in  elevation,  with 
several  east  and  west  ridges  standing  above  it;  the  highest  of  these,  Nassau 
Ridge,  rises  to  an  altitude  of  about  100  feet.  Andros  Island  has  a  similar 
physiography,  a  nearly  level  platform  ranging  in  height  from  sea-level  to- 
20  feet  above  that  datum  plane.  Along  its  eastern  front,  l3dng  near  the 
shore,  is  a  series  of  interrupted  hills  that  range  in  elevation  from  20  to  60, 
and  perhaps  in  some  instances  to  100,  feet.  West  of  the  coastal  hills  the 
surface  is  low,  usually  less  than  10  feet  in  elevation,  while  much  of  the  areas 
along  the  west  front  is  affected  by  the  tides.  The  Barrier  Reef  of  Andros 
stands  on  the  seaward  edge  of  a  shallow,  submarine  platform,  at  a  distance 
of  one-half  mile  to  2  miles  off  shore.  The  slope  of  the  bottom  seaward  of 
the  reef  is  comparatively  rapid ;  between  the  reef  and  the  shore  the  depth 
ranges  from  i  to  2  fathoms.  The  platform  between  the  reef  and  the  shore 
is  composed  of  hard  lime  rock,  the  surface  of  which  is  indented  by  numerous 
submarine  pits.  The  deepest  of  the  holes,  locally  known  as  "blue  holes,"" 
sounded  was  36  feet  deep.  As  the  general  aspect  of  these  holes  is  similar 
to  the  abundant  subaerial  pot-holes,  locally  known  as  ''banana  holes, '^ 
formed  by  solution  of  the  limestone,  they  are  evidence  of  subsidence. 

The  general  country  rock  of  the  Bahamas  is  oolite.  The  sea  bottom 
from  Gun  Key  to  Northwest  Passage,  New  Providence  Island,  and  Andros 
Island  is  all  or  mostly  composed  of  oolite,  precisely  similar  to  that  of 
southern  Florida.  The  material  forming  the  ridge  at  Nassau  has  been  wind- 
blown, and  evidently  is  a  dune  accumulation.  Many  or  all  of  the  ridges 
rising  higher  than  20  or  30  feet  above  sea-level  have  been  formed  of  wind- 
blown material,  of  which  oolite  is  an  important  constituent,  but  the  oolite 
of  most  or  all  the  lower  areas  is  of  marine  origin  and  has  not  been  subjected 
to  seolian  action. 

The  finely  divided  calcium  carbonate  oozes  in  the  shoal  waters  of  Florida 
and  the  Bahamas  have  long  attracted  attention.  Louis  Agassiz,  as  early 
as  1851,  noted  them,  as  did  Captain  Hunt,  Alexander  Agassiz,  and  others. 
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Dall,  so  far  a8  I  am  aware,  was  the  first  to  suggest  that  "much  of  the  limy 
deposit  of  the  area  behind  the  reefs  and  defended  by  them  is  probably  the 
result  of  the  deposition  of  lime  originally  in  solution  and  precipitated 
by  chemical  action  rather  than  of  mechanically  transported  sediment"* 
Later,  Samuel  Sanford  became  convinced  that  the  flocculent  oozes  in  some 
of  the  Florida  bays  and  sounds  were  chemically  precipitated,  and  so  ex- 
pressed himself.*  The  most  careful  study  as  yet  made  of  the  shoal-water 
bottom  deposits  of  south  Florida  was  the  one  initiated  by  me  in  1908  and 
conducted  in  conjunction  with  George  C.  Matson.' 

This  investigation  led  to  the  conviction  that  the  flocculent,  so-called 
amorphous,  calcium  carbonate  is  neither  of  detrital  nor  of  organic  origin,  and 
therefore  must  be  a  chemical  precipitate.  In  191 1 ,  G.  H.  Drew  came  to  the 
Tortugas  Laboratory  for  the  purpose  of  studying  denitrifying  bacteria.  As 
he  discovered  that  ammonia  was  a  product  of  the  metabolism  of  these  organ- 
isms he  was  led  to  conduct  experiments  to  ascertain  the  effect  they  might 
have  in  precipitating  calcium  carbonate.  They  were  found  to  be  active  in 
Florida;  and  investigations  he  subsequently  made  in  the  Bahamas  showed 
160,000,000  of  these  bacteria  to  the  cubic  centimeter  of  surface  mud  on  the 
west  side  of  Andros  Island.    Drew  says:^ 

A  consideration  of  these  observations  shows  firstly  that  B.  calcis  is  found  in  enormous 
numbers  in  the  chalky  mud  flats  of  the  Great  Bahama  Bank,  and  secondly  that  this  bac- 
terium is  capable  of  precipitating  calcium  carbonate  from  fluid  media  containing  soluble 
cakium  salts.  It  would  seem  a  fair  deduction  that  these  mud  flats  have  been  precipitated 
by  the  action  of  B.  calcis  on  the  soluble  calcium  salts  carried  into  the  sea  by  drainage  from 
the  land,  where  extensive  and  rapid  weathering  of  the  limestone  rock  is  in  progress. 

Drew  has  shown  what  we  may  be  confident  is  the  major  agency  in  pro- 
ducing the  precipitation  of  the  calcium  carbonate  ooze. 

Every  geologist  who  has  studied  the  Florida  oolites,  except  Alexander 
Agassiz,  has  considered  them  marine  deposits;  and  Louis  Agassiz,  Sanford, 
and  myself  considered  them  associated  with  or  derived  from  the  fine  cal- 
careous muds.  My  opinion*  was  more  definitely  expressed  than  those  of  the 
other  investigators. 

Rainey,  as  early  as  1858,  showed,  in  a  remarkable  book  entitled  *'0n 
the  mode  of  formation  of  shells  of  animals,  of  bone,  and  of  several  other 
structures,  by  a  process  of  molecular  coalescence,  demonstrated  in  certain 
artificially  formed  products,"  that  calcium  carbonate  precipitated  from 
water-soluble  salts  of  calcium  in  a  viscid  solution  form  spherulites  and  not 
crystals.  In  1871,  Harting,  in  a  memoir,  "Recherches  de  morphologic 
synthfetique  sur  la  production  artificielle  de  quelques  formations  calcaires 
organiques,"*  showed  that  calcium  carbonate  precipitated  from  a  solution  of 
a  water-soluble  calcium  salt  by  the  addition  of  the  carbonate  of  potassium 

1 U.  S.  Geologkal  Survey  Bull.  No.  84,  p.  xoi.    1892. 

'Second  Ammal  Report  Florida  Geological  Survey,  p.  228.    1910.  

•  A  contribution  to  the  gecAoglc  history  of  the  Floridian  Plateau.  Carnegie  Institution  of  Washington 
Pub.  No.  133.  PP-  Ii4'-Z45>    19X0. 

•  Camefie  Institution  of  WasMngton,  Year  Book  No.  i z .  p.  144*    19x2. 

•  Came^  Institution  of  Washington  Pub.  No.  133.  PP.  I73-X77.    x9zo. 
*Verh.  Kon.  Akad.  Wetensk.,  Amsterdam,  vol.  13.  PP-  84.  4  plB.    1871. 
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or  sodium  is  at  first  of  gelatinous  consistency  and  later  aggr^^tes  into 
spherulites. 

In  1903,  G.  Linck  published,  in  an  article  entitled  **Die  Bildung  der 
Oolithe  und  Rogensteine,"*  accounts  of  a  series  of  important  experiments 
he  conducted  on  the  precipitation  of  calcium  carbonate  from  sea-water  by 
the  addition  of  alkaline  carbonates,  and  in  1909  another  contribution  from 
him,  "Ueber  die  Bildung  der  Oolithe  und  Rogensteine, "  appeared  in  the 
Jenaische  Zeitschrift  fiir  Wissenschaft,  vol.  45,  pp.  267-278.  According 
to  Linck's  experiments  calcium  carbonate  precipitated  from  sea-water  at 
a  temperature  of  17®  C.  to  40®  C,  by  adding  an  alkaline  carbonate,  is 
aragonite  and  aggregates  into  spherulites,  the  diameters  of  which  range 
from  0.02  to  0.2  mm.  Murray  and  Irvine  have  shown  that  calcium  car- 
bonate precipitated  from  sea-water  by  an  alkaline  carbonate  at  a  tempera- 
ture of  34®  F.  is  calcite,  at  47^  F.  is  a  mixture  of  caldte  and  aragonite,  at 
80®  and  over  is  aragonite.* 

Drew  in  1912  published  the  following  statement  regarding  the  calcium 
carbonate  precipitated*  in  a  culture  from  a  sample  of  water  from  Marquesas 
Lagoon: 

To  such  a  culture  a  trace  of  very  finely  powdered  hydrated  calcium  sulphate  was  added. 
This  resulted  in  the  formation  of  a  precipitate,  which,  on  microscopical  examination,  could 
be  seen  to  consist  of  finely  laminated  concretions,  some  of  which  appeared  to  have  a  particle 
of  calcium  sulphate  or  sand  as  a  nucleus.  The  concretions  were  soluble  in  dilute  hydro- 
chloric acid  with  evolution  of  carbon  dioxide.  These  concretions  bear  a  resemblance  to 
those  of  some  oolitic  limestones,  and  the  experiment  suggests  the  manner  in  which  such 
oolites  may  have  been  formed. 

These  references,  although  they  lay  no  claim  to  completeness,  are  clear 
evidence  that  calcium  carbonate,  particularly  aragonite,  when  precipitated 
from  a  water-soluble  calcium  salt  by  the  addition  of  an  alkaline  carbonate, 
is  at  first  of  gelatinous  consistency  and  later  aggregates  into  spherulites.* 

As  I  did  not  observe  oolite  grains  in  the  muds  when  collected  in  the 
field,  I  was  led  to  the  opinion  that  oolitization  was  the  result  of  secondary 
changes  after  precipitation  and  directed  my  attention  to  ascertaining  if 
such  supposed  changes  were  taking  place.* 

Bahaman  shoal-water  bottom  muds  were  collected  through  South  Bight 
and  oflf  the  west  shore  of  Andros;  and  other  samples  were  collected  in 
Florida.  As  has  been  stated,  these  flocculent  oozes  when  collected  were  not 
observed  to  contain  oolite  grains;  however,  such  grains  may  have  been 
present  and  may  have  escaped  attention.  All  the  Bahaman  muds  when 
examined  at  the  end  of  November  did  contain  oolite.  Besides  oolite  grains, 
finely  divided  particles  less  than  o.ooi  mm.  in  diameter,  some  fragmental 


» Neuet  Jahrb.  fOr  Min.  Beilage,  Bd.  16,  pp.  495-5X3. 

*  Proc.  Roy.  Sd.  Bdin.,  vol.  17,  pp.  79-109.     xSpo. 

*  Carnegie  Institution  of  Washington.  Year  Book  No.  10.  p.  141.     1911. 

*  Without  nuJdng  a  special  diversion  to  go  Into  the  subject,  it  may  be  mentioned  that  spherulites  or  oolites 
of  caldum  malate  and  caldum  phosphate  are  well  known,  and  that  the  occurrence  of  spherulites  of  barium  car- 
bonate and  strontium  carbonate  have  been  recorded.  It  is  therefore  established  that  a  number  of  salts  of  the 
calcium  group  of  elements  may  assume  a  spherulitic  form. 

*  Carnegie  Institution  of  Washington.  Year  Book  No.  ix.  pp.  I55.  X57.  X58.     19x3. 
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calcium  carbonate,  alcyonarian  spicules,  shoal-water  foraminifera,  and  other 
micro-organisms  were  present.* 

Dr.  Fred.  Eugene  Wright  has  examined  some  of  the  bottom  samples  for 
me  and  reports  that  the  particles  large  enough  for  ascertaining  their  optical 
properties  are  caldte,  but  the  fine  material  can  not  be  optically  determined. 
A  series  of  the  muds  and  several  powdered  specimens  of  Pleistocene  oolites 
from  Florida  and  the  Bahamas  were  tested  with  the  cobalt  nitrate  reaction; 
and  as  all  of  these  upon  heating  gave  the  purple  color  characteristic  of 
aragonite,  this  form  of  calcium  carbonate  was  shown  also  to  be  present. 
The  muds  and  the  Pleistocene  oolites,  therefore,  are  composed  of  a  mixture 
of  aragonite  and  calcite. 

The  grains  of  the  Bahama  and  Florida  oolites  range  in  size  from  o.io 
to  0.80  mm.,  and  occasionally  a  grain  perhaps  exceeds  i  mm.  in  diameter. 
The  spherulites  or  spheroid  aggregates  in  the  muds  range  from  0.004  or 
0.006  mm.  to  oolite  grains  of  ordinary  size. 

In  order  to  test  the  growth  of  the  grains,  samples  of  a  number  of  muds 
were  strained  through  No.  10  bolting-cloth,  which  has  a  mesh  of  about 
0.13  mm.  in  diameter,  and  the  fine  material  that  passed  through  the  bolting- 
cloth  was  put  into  bottles  containing  sea-water.  These  bottles  were  per- 
mitted to  stand  from  about  November  25  until  the  first  week  in  March, 
over  three  months,  when  a  small  portion  of  each  sample  was  again  strained 
through  No.  10  bolting-cloth,  and  the  portion  retained  on  the  cloth  studied. 
The  formation  of  oolite  grains  was  found  to  be  in  progress  in  every  sample, 
and  numerous  grains  had  apparently  grown  to  such  a  size  as  to  preclude 
their  passing  through  the  mesh  of  bolting-cloth.  The  grains  showed  the 
usual  forms  of  oolite  grains:  spheroids,  ovoids,  and  ellipsoids.  The  larger 
grains  had  smaller  diameters  of  0.17  mm.;  longer  diameters  up  to  0.23  mm. 
Those  newly  formed  are  soft  and  easily  crushed  by  any  kind  of  pressure. 
The  experiments  indicate  increase  both  in  number  and  in  size  of  grains. 

The  precipitated  calcium  carbonate  may  segregate  around  a  variety  of 
nuclei,  for  instance,  spherulites  or  round  aggregates  formed  of  the  precipi- 
tated material,  small  grains  of  sands,  shells  of  foraminifera,  and  gas  bubbles.* 

Although  there  is  need  for  additional  study  of  the  factors  that  accelerate, 
retard,  or  inhibit  the  formation  of  spherulites  and  initial  round  aggregates 
and  the  subsequent  growth  of  the  grains,  the  empirical  facts  in  the  process 
of  the  formation  of  the  Floridian  and  Bahaman  oolites  are  clear.  They 
are  as  follows; 

1.  Denitrifying  bacteria  are  very  active  in  the  shoal  waters  of  both 
regions  and  are  precipitating  enormous  quantities  of  calcium  carbonate 
which  is  largely  aragonite. 

2.  This  chemically  precipitated  calcium  carbonate  may  form  spherulites 
or  small  balls  which  by  accretion  may  become  oolite  grains  of  the  usual 
size,  or  it  may  accumulate  around  a  variety  of  nuclei  to  build  such  grains. 

1  The  InvCTtlgatton  of  these  muds  is  still  In  progress  LJune  1913]  and  will  not  be  finished  for  some  months. 
The  completed  results  will  appear  in  a  subsequent  pubUcatioa. 
<  See  the  papers  by  Unck,  Drew,  and  Vaughan,  already  dted. 
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The  deduction  may  be  made  that  all  marine  oolites,  originally  composed 
of  calcium  carbonate,  of  whatever  geologic  age,  may  confidently  be  attrib- 
uted to  this  process. 

Two  other  important  deductions  may  be  made  from  the  knowledge  of 
this  process,  viz: 

1.  Neither  the  Bahamas  nor  the  oolitic  keys  of  southern  Florida  are 
coral  islands,  but  they  have  been  formed  by  this  other  process.  Elevated 
coral  rock  is  exceedingly  scarce  in  the  Bahamas  and  the  Recent  reef  of 
Andros  is  comparatively  insignificant  as  a  constructional  geologic  agent. 
The  material  composing  the  land  masses  and  much  or  most  of  the  submarine 
platforms  of  the  Bahamas  is  thus  removed  from  the  category  of  "coral  rock" 
and  the  living  reef  reduced  to  a  subordinate  ratio  as  a  builder  of  limestone. 

2.  Drew's  studies  (unfortunately  incomplete)  of  the  distribution  of 
denitrifying  bacteria  have  shown  them  to  be  most  prevalent  in  the  shoal 
waters  of  the  tropics.  They  therefore  conform  to  the  temperature  relations 
enunciated  by  Murray^  for  the  distribution  of  lime-secreting  organisms.  By 
combining  the  results  of  Drew  and  Murray,  the  deduction  seems  warranted 
that  great  limestone  formations,  whether  they  be  composed  of  organic  or  of 
chemically  precipitated  calcium  carbonate,  were  laid  down  in  waters  of 
which  at  least  the  surface  temperatures  were  warm,  if  not  actually  tropical. 

This  brief  paper  may  be  closed  with  the  following  statement  and  tenta- 
tive outline  of  the  geologic  history  of  the  Bahamas,  with  special  reference  to 
the  eastern  part  of  Andros  Island: 

The  presence  of  oolite  containing  Pleistocene  marine  fossils  above  sea- 
level  indicates  elevation  in  the  Bahamas;  the  presence  of  submerged  solution 
pot-holes,  not  filled  with  sediment,  indicates  that  the  last  movement  was 
downward. 

TENTATIVE  OUTLINE  OF  THE  PLEISTOCENE  AND   RECENT  GEOLOGIC  HISTORY 
OF  THE  BAHAMAS,  AND  ESPECIALLY  OF  ANDROS  ISLAND. 

(i)  During  Pleistocene,  perhaps  earlier  Pleistocene  time,  numerous  shal- 
low submarine  banks  existed,  on  which  calcium  carbonate  was  chemically 
precipitated  mostly  as  aragonite,  and  this  was  converted  into  oolite. 

(2)  This  submergence  was  followed  by  uplift  with  the  production  by 
marine  erosion  of  a  platform  and  a  margining  shore  cliff,  and  the  formation 
of  shore  dunes  paralleling  the  windward  sea-front. 

(3)  Apparently  there  was  further  uplift  and  pot-holes  were  subaerially 
formed  by  solution  on  the  platform  between  the  dunes  and  the  sea-front. 
At  this  time  the  land  on  the  east  side  of  Andros  Island  stood  about  40  feet 
higher  than  now. 

(4)  The  last  event  was  a  subsidence  of  about  40  feet,  admitting  the  sea 
back  to  the  edge  of  the  previously  cut  low  scarp,  and  the  present  barrier 
reef  developed  on  the  off-shore  margin  of  the  submerged  platform. 

1  Natural  Science,  vol.  a,  pp.  25-27.    1897* 
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THE  BUILDING  OF  THE  MARQUESAS  AND  TORTUGAS  ATOLLS 

AND  A  SKETCH  OF  THE  GEOLOGIC  HISTORY  OF  THE 

FLORIDA  REEF  TRACT. 


By  Thomas  Wayland  Vaughan. 


lIsrrRCMXJCTION. 


The  following  brief  article  is  supplementary  to  my  paper  "A  contri- 
bution to  the  geologic  history  of  the  Floridian  Plateau,"*  in  which  it  is 
stated  that  "the  geologic  history  of  the  Marquesas  and  Tortugas  is  reserved 
for  future  consideration."  The  study  of  the  geology  and  the  geologic 
processes  of  the  Florida  reef  tract,  and  especially  of  the  Tortugas  and  the 
Marquesas,  has  been  continued  since  1910.  During  the  field  season  of 
1913  Mr.  R.  B.  Dole,  of  die  U.  S.  Geological  Survey,  undertook  a  special 
investigation  of  the  solvent  effect,  by  virtue  of  the  content  of  carbon  dioxide, 
of  sea-water  flowing  into  and  out  of  Tortugas  Lagoon.  As  the  various  lines 
of  investigation  have  given  definite  results,  the  principal  factors  in  the 
formation  of  the  Marquesas  and  Tortugas  atolls  and  their  inclosed  lagoons 
now  seem  clear,  although  some  details  still  require  elucidation.  It  is  now 
also  possible  to  outline  with  a  feeling  of  confidence  the  salient  geologic 
episodes  in  the  history  of  the  entire  Florida  reef  tract  and  to  institute 
comparisons  with  other  coral-reef  areas.  As  this  paper  is  only  a  preliminary 
statement,  it  is  intended  subsequently  to  publish  a  more  comprehensive 
discussion  of  the  diflferent  problems  here  treated  in  a  cursory  manner. 

BUILDING  OF  THE  MARQUESAS  AND  TORTUGAS  ATOLU5. 

An  inspection  of  the  charts  of  the  U.  S.  Coast  and  Geodetic  Survey, 
No.  1252  for  the  Marquesas  and  No.  471a  for  the  Tortugas,  will  show  a 
striking  similarity  in  the  configuration  of  both,  for  in  each  banks  or  keys 
surround  a  central  depression  and  in  each  there  are  major  entrances  in  the 
southeast,  southwest,  and  northwest  quadrants.  The  Tortugas,  however, 
are  of  a  more  elliptical  form  than  the  Marquesas,  the  axis  of  the  ellipse  extend- 
ing from  northeast  to  southwest.  The  Marquesas  lagoon  is  only  i  to  15 
feet  in  depth,  while  that  of  the  Tortugas  is  from  7  to  13  fathoms.  In  both 
the  principal  key  or  bank  slightly  under  water  extends  from  the  southeast 


1  Camegie  Institution  of  Washington,  Pob.  133.  PP.  99-185.  i5  pIs.    1910. 
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to  the  northwebt  entrance,  or  is  on  the  east,  northeast,  and  north  sides. 
The  kejrs  and  banks  between  the  southeast  and  southwest  passages  and 
between  the  southwest  and  northwest  passages  are  minor  as  compared  with 
the  larger  one  mentioned.  It  may  also  be  pointed  out  that  the  Marquesas 
occur  just  west  of  Boca  Grande  Channel,  and  thai  the  Tortugas  lie  just 
west  of  Rebecca  Channel. 

That  the  Marquesas  were  formed  through  the  agency  of  waves  and 
currents  operating  under  proper  conditions  has  been  evident  for  some  time, 
but  the  processes  by  which  the  Tortugas  were  built  were  less  clear.  It  was 
thought  possible  that  submarine  solution  had  been  efficacious  in  the  latter, 
while  it  was  apparent  that  it  was  ineffective  in  the  former.  In  order  to 
answer  the  question  for  the  Tortugas,  two  lines  of  inquiry  were  undertaken. 
One  of  these  was  the  examination  of  the  bottom  of  the  Tortugas  Lagoon, 
to  discover  whether  or  not  sediment  is  there  accumulating;  the  other  was  to 
ascertain  by  chemical  examination  whether  or  not  there  was  any  excess  of 
carbon  dioxide  in  the  water  flowing  into  the  lagoon  and  whether  there  was 
any  difference  in  the  quantity  of  carbonates  in  the  outflowing  and  inflowing 
water.  The  latter  investigation  was  undertaken  by  Mr.  R.  B.  Dole. 
The  bottom  samples  collected  at  numerous  localities  in  the  Tortugas 
established  that  the  bottom  in  the  channel  between  Garden  Key  and  Bush  ^ 
Key,  in  Bird  Key  Harbor,  and  in  the  lagoon  channels  west  and  east  of  White  y 
Shoal  and  north  of  that  shoal  is  form^  of  soft  calcareous  mud,  largely  of 
the  kind  Drew  showed  to  be  precipitated  by  denitrifying  bacteria.  The 
examination  showed  conclusively  that  sedimentation  predominates  over 
the  removal  of  material,  perhaps  except  where  currents  may  corrade  the 
sides  or  bottoms  of  the  channels  along  which  they  flow.  The  conditions 
in  the  Tortugas  lagoon  are  similar  to  those  in  the  bays  and  sounds  behind 
the  Florida  keys  and  to  those  in  Marquesas  Lagoon,  in  all  of  which  filling 
by  deposition  is  progressing. 

The  specimens  examined  by  Mr.  Dole  were  collected  twice  a  day  on  the 
principal  flowing  and  ebbing  tides  for  nearly  a  lunar  period,  from  May  20 
to  June  15,  near  buoy  No.  C3,  in  Southwest  Channel,  off  the  southern  end 
of  White  Shoal.  Mr.  Dole's  results  are  summarized  on  page  74  of  this 
publication.  They  show  that  none  of  the  water,  neither  that  flowing  into 
nor  that  flowing  out  of  the  lagoon,  contains  any  dissolved  free  carbon 
dioxide,  that  all  the  carbon  dioxide  in  the  water  is  present  in  the  carbonate 
or  bicarbonate  form,  and  that  the  inflowing  water  possesses  no  power  to 
dissolve  calcium  carbonate  by  virtue  of  its  content  of  carbon  dioxide,  as 
its  capacity  for  the  solution  of  lime  has  been  exhausted  before  flowing  into 
the  lagoon.  The  chemical  investigations  of  the  waters  and  the  study  of 
the  bottom  deposits  gave  mutually  confirmatory  results,  that  the  water 
flowing  through  the  Tortugas  Lagoon  does  not  dissolve  calcium  carbonate 
and  that  the  lagoon  has  not  been  formed  by  solution. 

As  two  kinds  of  phenomena  observed  in  the  Tortugas  might  be  con- 
sidered to  afford  evidence  in  favor  of  solution,  both  will  be  briefly  discussed. 
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One  is  the  frequent  occurrence  of  submerged  coral  heads,  the  interiors  of 
which  have  been  removed,  leaving  a  partially  inclosing  skeletal  shell  covered 
by  living  polyps.  Some  of  these  heads  have  a  suggestive  resemblance  to 
atolls,  but  the  resemblance  is  only  superficial.  The  excavation  of  the 
interior  is  lo  be  explained  by  the  upper  surface  of  the  envelope  of  living 
tissue  having  been  damaged  in  some  way,  thus  giving  an  opportunity  for 
boring  organisms  of  great  variety  to  begin  and  prosecute  their  work  of 
disintegrating  the  skeleton.  Waves  and  currents  wash  out  the  broken-up 
material,  forming  a  cavity  which  is  bounded  by  a  shell  of  substance  whose 
outer  surface  is  covered  by  li\'ing  polyps.  The  other  phenomena  that 
might  be  attributed  to  solution  are  the  overhanging  projections  along  the 
steep,  submarine  cliffs  or  rock  pinnacles  which  in  places  occur  on  the  sides 
of  channels.  Since  these  stand  against  the  sides  of  the  currents  it  is  probable 
that  submarine  scour,  corrasion,  has  been  a  factor  in  producing  them; 
and  subaerial  modification  deserves  consideration,  as  will  later  appear. 
As  the  dynamic  agencies  have  been  more  and  more  thoroughly  studied,  the 
necessity  for  referring  any  phenomena  observed  in  the  Tortugas  to  sub- 
marine solution  has  been  eliminated,  and  the  conclusion  definitely  reached 
that  such  solution  produces  no  geologic  effects  of  importance. 

As  the  production  of  the  Marquesas  and  Tortugas  atolls  with  their 
inclosed  lagoons  by  solution  is  eliminated,  other  factors,  especially  waves 
and  currents,  will  be  considered.  There  are  two  current-shaped  physio- 
graphic forms  to  which  it  is  desired  particularly  to  call  attention — these 
are  current-shaped  crescents  and  current-shaped  linear  ridges.  With 
reference  to  crescents  it  may  be  said  that  if  an  obstruction  lies  across  the 
line  of  direction  of  a  constant  current,  the  current  shears  to  each  side 
and  will  drift  detrital  material  in  such  directions  as  to  form  a  crescentic 
accumulation,  the  bow  of  the  crescent  facing  the  current,  while  the  horns 
of  the  crescent  will  curve  before  the  current.  An  eddy  may  be  produced 
in  the  space  between  the  horns  of  the  crescent*  and  a  deposit  may  be  formed 
there.* 

Crescentic  sand-dunes  and  crescentic  keys  are  both  well  known.  Should 
there  be  no  cross  obstruction,  currents  both  aerial  and  aqueous  will  form 
linear  ridges,  under  conditions  which  induce  dropping  material.  Both 
linear  sand-dunes  and  linear  submarine  banks  are  well  known.  Of  current- 
transported  detritus,  crescentic  accumulations  lie  across  the  main  direction 
of  the  current,  while  linear  ridges  lie  along  its  direction. 

The  currents  of  the  Florida  keys  are  of  three  kinds :  wind-formed  currents, 
which  are  accompanied  by  waves;  the  Florida  counter  current;  and  tidal 
<mrrent8.  The  winds  at  Key  West,  where  accurate  records  have  been 
kept,  prevailingly  range  in  direction  from  northeast  to  southeast,  those 
from  the  east  predominating  over  those  from  any  other  direction.  Both 
the  Marquesas  and  the  Tortugas  lie  within  the  tract  of  the  Florida  counter 
current,  which  moves  in  general  toward  the  west.    The  directions  of  the 

1  Dr.  A.  G.  Mayer  called  my  attention  to  the  occurrence  oC  this  eddy. 
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wind-formed  currents  and  the  counter  current  are  concordant  and  they 
therefore  cooperate.  The  tidal  impulse,  however,  is  roughly  from  north 
to  south  and  the  direction  of  tidal  airrents  is  therefore  transverse  to  the 
other  currents. 

The  principal  arcs  of  the  rims  of  both  the  Marquesas  and  the  Tortugas, 
i.  e,,  those  from  the  southeast  to  the  northwest  entrance,  are  bowed  toward 
the  east,  against  the  prevailing  direction  of  the  wind  and  that  of  the  coimter 
current,  while  the  northern  limb  of  the  arc  in  each  instance  trails  with 
these  currents.  These  arcs  therefore  satisfy  the  requirements  of  wave  and 
current-shaped  arcs. 

The  southern  sides  of  both  the  Marquesas  and  Tortugas  are  broken  by 
southeast  and  southwest  passages.  These  breaks  are  probably  to  be 
attributed  to  cross-tidal  currents.  Also  both  the  Marquesas  and  Tortugas 
have  a  northwest  passage.  The  explanation  of  this  is  probably  as  follows: 
In  the  Tortugas,  although  the  data  on  currents  are  inexact,  the  available 
evidence  indicates  a  stronger  tidal  inflow  than  outflow,  much  of  the  water 
of  the  receding  tides  not  passing  through  the  lagoon  but  around  the  outside 
of  its  rim.  The  water  coming  into  the  lagoon  would  tend  to  be  driven 
toward  the  west  by  the  winds,  and  would  consequently  find  its  outlet  in 
the  northwest  quadrant. 

In  the  Marquesas,  the  land  area  west  of  the  southeast  passage  follows  a 
line  that  would  be  expected  of  the  southeast  horn  of  a  crescent  formed 
under  conditions  of  wind  and  currents  known  to  prevail  there.  The 
formation  of  the  bank  and  the  small  keys  on  it  on  the  west  side  of  the 
lagoon  is  more  obscure.  Perhaps  they  were  formed  by  winds  and  accom- 
panying waves  that  come,  especially  during  hurricanes,  from  the  west  and 
by  a  current  eddy  produced  to  the  leeward  of  the  bow  of  the  crescent. 

The  main  agencies  whereby  the  principal  arc  of  tlie  rim  of  the  Tortugas 
was  formed  seem  definitely  known,  but  those  building  other  parts  of  the 
rim  are  still  somewhat  vague.  Between  what  is  known  as  Five-foot  Channel 
and  Southwest  Passage  are  holes,  some  of  which  are  6  fathoms  or  more  in 
depth.  It  is  evident  from  the  di5!tribution  of  these  holes  that  once  there 
were  several  channels  trending  more  or  less  from  southwest  to  northeast 
and  approximately  following  the  course  of  tidal  flow,  the  channels  bounded 
by  banks  elongate  in  the  same  direction.  Detritus  carried  westward  by 
waves  and  currents  has  filled  parts  of  the  channels  and  broken  them  up 
into  holes,  some  series  of  which  may  still  be  recognized. 

Loggerhead  Key,  as  well  as  the  bank  on  which  it  stands,  is  elongate 
from  southwest  to  northeast  and  has  each  of  its  ends  somewhat  curved 
toward  the  west.  The  general  direction  of  the  bank  is  approximately  along 
that  of  tidal  flow,  but  it  is  not  an  unmodified  linear  ridge  coinciding  in 
direction  with  that  of  one  current,  for  it  is  evident  that  the  prevailing 
run  of  the  waves  before  the  wind,  and  perhaps  the  counter  current  acting 
at  its  southern  end,  have  curved  its  ends  westward.  The  eflFect  of  waves 
running  before  the  wind  in  shaping  a  key  was  studied  in  detail  on  Logger- 
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head  Key,  where  both  the  north  and  south  horns  of  the  key  curve  before 
the  prevailing  easterly  winds.  A  reversal  of  a  part  of  the  horn  of  the 
north  end  of  the  key  was  observed  during  a  swell  from  the  northwest. 
During  this  reversal  of  the  direction  of  the  run  of  the  waves,  a  reversed 
crescent  was  formed  at  the  end  of  the  spit,  the  bow  of  the  crescent  being 
toward  the  current  while  the  horns  curved  before  it.  The  more  indurated 
beach  rock  on  each  side  of  Loggerhead  Key  slopes  toward  the  sea,  showing 
that  the  key  is  wave-built,  on  the  surface  at  least.  In  this  connection  it 
may  be  said  that  a  current  too  weak  to  pick  up  and  carry  detritus  will, 
when  agitation  has  lifted  particles  above  the  bottom,  appreciably  move 
them  in  the  direction  of  the  current.  I-rOggerhead  Key  stands  on  the  lee 
side  of  the  lagoon,  where  waves  from  the  east  would  be  weaker  than  on  the 
windward  side,  and  where  waves  from  the  west  would  exert  their  full  force. 
The  following  is  offered  as  an  hypothesis  for  the  formation  of  the  bank  on 
which  this  key  stands:  It  is  largely  or  mostly  a  detrital  ridge,  formed  in  a 
partial  eddy  on  the  leeward  side  of  the  lagoon,  mainly  along  the  direction  of 
flow  of  the  stronger  tidal  currents.  Wave  agitation  from  the  east  and  west 
has  facilitated  the  movements  of  detritus  and  has  built  the  sloping  beach 
rock  on  both  the  lagoon  and  the  sea  sides.  The  stronger  winds  from  the 
east  have  given  a  slight  westward  curvature  to  the  extremities  of  the  bank. 

Before  leaving  the  discussion  of  Loggerhead  Bank  and  Key,  attention 
will  be  directed  to  changes  that  have  occurred  since  October  1910,  when  the 
last  severe  hurricane  visited  this  region.  Since  that  time  the  waves  have 
acted  with  only  slight  cessation  on  the  eastern  side  of  the  key  and  have  cut 
away  the  eastern  side  of  its  northern  end,  while  building  has  taken  place 
on  the  western  side;  thus  the  outline  of  the  northern  end  of  the  key  has 
shifted  westward.  Accurate  measurements  of  some  of  these  changes  have 
been  kept  but  will  not  be  given  here. 

Besides  the  banks  and  keys  forming  the  perimeter  of  the  Tortugas, 
there  are  also  shoals  and  some  small  keys  in  the  lagoon.  Some  of  the 
shoals.  White  Shoal  for  example,  lie  along  the  direction  of  flow  of  the  major 
tidal  currents,  although  with  their  ends  slightly  curving  toward  the  we^t; 
others  are  isolated  rocks.  That  some  of  the  latter  may  be  coral  masses  is 
suggested  by  an  experience  on  Garden  Key,  where  all  large  rocks  examined 
proved  to  be  dead  coral  heads. 

The  rocks  composing  both  Marquesas  and  Tortugas  are  known  only 
from  superficial  examination.  The  foundation  of  the  Marquesas  may  be 
oolite,  similar  to  that  found  on  Boca  Grande  Key,  as  some  of  the  bottom 
samples  from  them  were  found  to  contain  hard  oolite  grains.  The  keys, 
however,  are  composed  of  calcareous  detritus,  of  which  Halimeda  is  an  im- 
portant constituent.  There  is  no  important  coral  growth  around  the 
Marquesas.  The  keys  of  the  Tortugas  are  mostly  composed  of  the  com- 
minuted remains  of  a  considerable  variety  of  organisms  that  secrete  calcium 
carbonate,  moUusca,  corals,  nuUipores,  echinoids,  etc.  The  corals  here,  in 
contradistinction  to  the  Marquesas,  are  important.     Coral  reefs,  patches. 
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or  heads  occur  along  the  west  side  of  Log$;erhead  bank  throughout  its 
entire  length  and  around  both  its  southern  and  northern  ends.  Bush  Key 
Reef,  southwest  of  Southeast  Passage,  is  luxuriant,  and  outer  reef  patches 
occur  northward  of  Southeast  Passage.  Reef  corals  also  occur  at  many 
places  along  the  sides  of  channels  within  the  lagoon.  Other  species  of  corals, 
not  so  large  and  massive  as  those  on  the  reefs  proper,  live  on  the  shallow 
flats,  where  not  overwhelmed  with  detritus.  Although  it  has  not  been 
practicable  to  make  for  the  Tortugas  a  quantitative  estimate  of  the  pro- 
portions of  material  contributed  by  the  different  kinds  of  organisms,  corals 
are  rather  surely  the  most  important.  The  Marquesas,  therefore,  are 
composed  of  calcareous  detritus  mostly  of  other  than  coral  origin;  while 
the  Tortugas  are  composed  of  calcareous  material,  of  complex  origin  but 
largely  due  to  the  activity  of  corals. 

The  foregoing  remarks  may  be  summarized  as  follows:  (i)  Submarine 
solution  has  not  been  instrumental  in  the  formation  of  the  Marquesas  or 
the  Tortugas  lagoon;  (2)  the  atoll  rings  are  constructional  phenomena  and 
were  shaped  by  prevailing  currents,  those  caused  by  winds,  the  Florida 
counter  current,  and  tidal  currents.  The  detrital  material  on  which  these 
agencies  have  worked  in  the  Marquesas  is  mostly  not  of  coral  origin;  while 
in  the  Tortugas,  although  of  complex  composition,^  it  is  largely  composed  of 
coral  debris. 

The  relative  ages  of  the  Marquesas  and  Tortugas  atolls  and  their 
relations  to  oscillation  of  water-level  will  now  be  briefly  considered,  and  in 
this  connection  further  attention  will  be  given  to  the  probable  relations  of 
corals  to  the  formation  of  the  latter  atoll.  The  Marquesas  rim  is  composed 
of  unconsolidated  detrital  material  and  evidently  requires  no  oscillation 
of  water-level  for  its  formation.  No  indication  of  change  of  level  during  or 
since  the  building  of  the  rim  around  the  lagoon  was  observed. 

Such  a  structure  as  the  Tortugas  would  scarcely  be  built  in  the  Florida 
region  through  material  derived  from  reef  corals  without  change  in  depth, 
as  the  depth  of  water  in  the  lagoon,  13  fathoms,  and  outside  the  atoll  rim, 
13  fathoms  or  more,  is  greater  than  that  in  which  the  Florida  reef  species 
are  known  to  flourish.*  Other  e\ddence,  to  be  adduced  in  giving  an  account 
of  the  coastal  oscillacion,  renders  it  reasonably  certain  that  the  Tortugas 
were  initially  outlined  during  subsidence.'  Certain  facts  indicate  that  the 
history  of  the  Tortugas  is  more  complicated  than  that  of  the  Marquesas. 

1  The  following  literature  is  dted  in  this  connection: 

Vaughan  Cornish.    On  the  formation  of  sand  dunes.    Geog.  Jour.  vol.  9t  PP>  278-309.    1897. 

C.  Hedley  and  T.  Griffith-Taylor.  Corals  of  the  Great  Barrier.  Queensland,  a  study  of  their  structure, 
life-dii^bution,  and  relation  to  mainland  physiography.  Austral.  Assoc.  Adv.  Sd.  Adelaide  meeting.  17  pp.* 
3  pis.    Z907. 

F.  wood-Jones.  Coral  and  atolls.  London.  Lovell  Reeve  &  Co.  Ltd.  (especially  chapters  xn  and  xm, 
pp.  253-277).    1910. 

James  Bryoe.  South  America  observations  and  impressions.  New  York,  MacmiUan  Co.  1912.  [Pp. 
58*  59  give  a  good  descaiption  of  crescentic  sand-dunes,  "the  convex  of  the  crescent  alwasrs  facing  the  wind,** 
on  ^e  great  inner  plateau  of  Peru.] 

*  In  the  following  discussion  of  oscillation  the  terms  "uplift."  "depression."  and  "subsidenoe**  are  used 
with  reference  to  land,  but  it  is  recognized  that  oscillation  may  be  due  to  negative  or  positive  movement  of 
sea-levd  independent  of  crustal  movement. 

*  The  wells  bored  on  Key  Vaca  by  the  Florida  East  Coast  Railway,  under  the  supervision  of  Samuel 
Sanford,  showed  the  thickness  of  the  elevated  coral  reef  rock  to  be  Z05  feet  ( -  17I  fathoms),  indicating  that 
the  Pletstocene  barrier  reef  was  formed  under  conditions  of  subsidence,  similar  to  those  postulated  for  the 
initial  buikiing  of  the  Tortugas  rim. 
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Most  or  all  of  the  material  above  sea-level  in  the  Tortugas  is  unconsolidated, 
except  an  outer  crust  of  some  of  the  beach  rock,  as  observed  on  Loggerhead 
Key.  Extending  beneath  the  sea-level,  however,  to  a  depth  of  8  feet  or 
more,  is  beach  rock  that  appears  more  indurated.  Harder  rock  was  also 
observed  at  a  depth  of  3  or  4  feet  under  water  on  Southwest  and  Northeast 
keys,  the  subaerial  portions  of  both  have  been  cut  away  by  wave  action, 
and  in  places  submarine  diffs  of  hard  rock,  which  has  been  undercut  and 
overhangs  the  bides  of  the  channels,  are  evident  at  depths  of  over  20  feet. 
The  presence  of  an  older  formation  for  the  living  reef  corals  is  clear.  It 
seems  probable  that  this  rock  was  subaerially  indurated  and  then  depressed. 
The  probability  of  this  subsidence  will  be  further  discussed  in  a  succeeding 
paragraph,  wherein  the  later  movements  of  the  Florida  coast  line  will  be 
more  fully  considered.  It  appears  that  the  Tortugas  atoll  with  its  inclosed 
lagoon  was  outlined  previous  to  the  present  development  of  the  coral  reefs 
of  that  area,  that  it  was  elevated  about  50  feet,  and  that  there  has  been  a 
subsequent  (the  latest)  depression;  the  land  after  the  oscillation  perhaps 
lacked  10  or  15  feet  of  being  depressed  to  its  former  level,  thus  leaving  the 
keys  standing  somewhat  higher  than  before. 

It  has  already  been  stated  that  the  skeletal  remains  of  corals  are  not 
only  an  important  constituent  of  the  Tortugas  rocks,  but  are  rather  surely 
the  most  important  contributor  to  its  composition.  Whether  or  not  the 
various  keys,  banks,  and  isolated  rocks  were  outlined  by  coral  reefs  may  not 
be  ascertained,  but  as  coral  reefs  obey  the  laws  of  current-moved  detritus, 
in  many  instances  being  the  principal  single  source  of  the  detritus,  a  positive 
answer  to  this  question  is  not  essential  for  the  validity  of  the  explanation 
here  presented  for  the  building  of  the  Tortugas.  Hedley  and  Taylor  say 
in  their  paper  on  the  Great  Barrier,  referred  to  in  the  footnote  on  page  62: 

The  growth  of  an  individual  reef  is  shown  to  proceed  in  a  regular  cycle.  If  the  reef 
reaches  the  surface  with  its  axis  along  the  wind,  then  its  shape  endures;  but  if  across  the 
wind,  then  its  extremities  are  produced  backward,  forming  first  a  crescent,  later  a  horseshoe, 
and  lastly  an  oval,  thus  inclosing  a  lagoon. 

SKETCH  OF  THE  GEOLOGIC  HISTORY  OF  THE  FLORIDA  REEF  TRACT. 

The  probability  of  elevation  and  subsidence  in  the  Tortugas  area  leads^ 
to  a  consideration  of  evidence  from  which  the  later  movements  of  the 
Florida  coast  line  have  been  inferred  and  of  conditions  antecedent  to  the 
development  of  the  living  Florida  barrier  reef.  That  the  last  important 
movement  of  the  Florida  east  coast  was  downward  from  Jacksonville  ta 
San  Augustine  is  attested  by  the  submerged  channel  of  the  mouth  of  St. 
Johns  River  and  the  submarine  fresh-water  springs  oflF  San  Augustine. 
Late  depression  of  the  west  coast  is  positively  shown  not  only  by  the  forms 
of  Tampa  Bay  and  Charlotte  Harbor,  but  also  by  submerged  channels  off 
shore  in  that  region.  As  the  channels  oflf  this  coast,  however,  appear  not 
to  affect  the  lo-fathom  curve  the  depression  was  probably  not  so  great  as 
60  feet.    The  very  ragged  character  of  the  coast  line  from  Cape  Romano  ta 
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the  head  of  Florida  Bay,  with  its  salients,  reentrants,  and  almost  numberless 
small  islands  lying  near  shore,  as  Ten  Thousand  Islands,  separated  by  an 
interlocking  maze  of  channels,  suggests  that  the  southern  end  of  the  penin^^ 
sula  to  its  very  tip  has  undergone  subsidence  at  no  distant  date.  On  keys 
west  of  Bahia  Honda  Sanford  noted  holes,  which,  at  a  distance  of  a  quarter 
of  a  mile  or  more  from  shore,  connect  with  underground  passages  containing 
salt  water;  and  on  more  easterly  keys  formed  of  elevated  coral  reef  rock  he 
observed  free  openings  or  cavities  that  extend  to  a  depth  as  great  as  30  feet 
below  sea-level.  The  evidence  is  clear  that  the  keys  participated  in  the 
uplift  and  subsequent  depression  that  affected  the  mainland  and  that  at 
one  time  they  stood  more  than  30  feet  higher  with  reference  to  sea-level 
than  they  now  do.  This  uplift  and  the  subsequent  depression,  according 
to  all  available  evidence,  extended  to  the  Tortugas. 

The  highest  points  to  which  the  elevated  reef  extends  are  on  Windleys 
Island  and  Plantation  Key,  where  elevations  of  18  feet  are  attained.  Sup- 
posing these  points  to  have  been  at  sea-level,  an  uplift  with  reference  to 
sea-level,  of  somewhat  more  than  48  feet,  must  have  taken  place  since  the 
elevated  reef  was  formed. 

The  evidence  presented  shows  that  the  platform,  on  the  outer  edge  of 
which  the  present  barrier  reef  of  Florida  is  principally  growing,  has  geo- 
logically, just  antecedent  to  its  present  relations  to  sea-level,  stood  30  feet 
or  more  higher.  It  is  on  this  shelf,  the  last  oscillatory  movement  of  which 
was  one  of  depression,  that  the  living  reefs  of  the  Florida  barrier  have 
established  themselves  and  have  grown.  However,  although  the  last  earth 
movement  has  been  downward,  the  net  result  of  the  last  oscillation,  i.  e., 
uplift  followed  by  subsidence,  has  been  to  bring  the  surface  of  the  sub- 
marine shelf  nearer  to  th$  surface  of  the  sea.  Although  the  building  of  the 
platform  seaward  of  the  Pleistocene  barrier  reef  needs  further  study,  it  is 
known  that  the  base  of  the  Pleistocene  reef  is  about  100  feet  below  sea- 
level.  As  the  reef  would  not  have  begun  to  grow  in  a  marked  depression, 
it  is  probable  that  the  water  seaward  of  it  was  not  shallower  than  that  at 
its  base.  The  maximum  depth  of  Hawk  Channel  is  about  7  fathoms,  while 
in  places  the  living  barrier  reaches  the  surface  of  the  sea.  Therefore,  since 
the  initiation  of  the  Pleistocene  reef  the  bottom  seaward  of  it  has  been 
built  up  to  a  thickness  ranging  from  70  to  100  feet.  As  the  question,  how 
much  of  this  material  may  be  Pleistocene,  can  not  now  be  answered,  it  is 
not  known  whether  or  not  the  living  reef  has  Pleistocene  corals  beneath  it. 
However  these  questions  may  ultimately  be  answered,  it  is  clear  that  both 
addition  of  material  (upbuilding)  and  uplift  have  contributed  to  raising 
the  surface  of  the  basement  of  the  Recent  reef,  notwithstanding  that  the 
last  oscillatory  movement  carried  the  land  surface  downward.  The  hydro- 
graphic  charts  (see  particularly  U.  S.  Coast  and  Geodetic  Chart  No.  165, 
Hillsboro  Inlet  and  Fowey  Rocks)  clearly  show  the  northward  exten^on 
of  the  reef  platform  beyond  the  limits  of  the  living  reefs,  which  are 
merely  superimposed  on  a  platform  whose  existence  antedates  their  own. 
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The  conditions  under  which  the  Pleistocene  barrier  reef  was  formed 
may  be  reconstructed  by  using  the  results  obtained  from  the  recent  geologic 
investigations  on  the  Florida  mainland  and  the  records  of  the  wells  bored 
by  the  Florida  East  Coast  Railway  on  Key  Vaca.  Pliocene  deposition 
was  followed  by  uplift,  the  ensuing  Pleistocene  deposits  being  laid  down 
on  the  eroded  surface  of  those  preceding.  The  Pleistocene  reef,  which  is 
105  feet  thick,  was  therefore  formed  on  a  subsiding  sea-bottom  succeeding 
the  uplift  at  the  end  of  Pliocene  time. 

The  oscillations  of  southern  Florida  with  reference  to  coral  reefs  may 
be  tabularly  expressed  as  follows: 

OsciUaHons  cf  Souikem  Florida. 

Recent Depression  (modern)  reefs. 

(Uplift. 
Depression  (Pleistocene  reefs,  parts  of  which  now  stand  as 

much  as  18  feet  above  sea-level). 
Uplift. 
Depression  (some  reef  corab  but  no  well-developed  reefs). 


Pleistocene. 
Pliocene. .. 


The  results  of  the  recent  investigations  by  Sanford,  Drew,  Dole,  and 
myself  have  revealed  the  salient  facts  in  the  geologic  history  of  the  tract 
of  the  Florida  keys  and  reefs,  except  the  immediate  foundation  rock  of  the 
living  barrier  reef.  Great  progress  was  made  by  clearly  showing  the 
process  by  which  the  oolites  were  formed  and  by  proving  that  the  atoll  rims 
of  the  Marquesas  and  Tortugas  are  not  due  to  the  solution  of  an  interior 
mass  of  limestone  but  to  constructional  geologic  processes.  The  hypoth- 
esis that  Biscayne  Bay  was  formed  by  marine  solution  is  also  definitely 
disproven. 

This  history  may  be  summarized  as  follows:  Pliocene  deposition  was 
followed  by  uplift,  which  was  succeeded  by  depression;  during  this  Pleisto* 
cene  subsidence  along  a  curve  from  the  eastern  side  of  Biscayne  Bay,  first 
trending  southward  and  then  bending  westward,  a  barrier  coral  reef  flour- 
ished, separated  by  a  channel  from  the  main  bank  on  which  the  Miami 
oolite  was  forming  or  had  formed  in  strongly  agitated  waters.  West  of 
the  coral  reef,  on  an  extensive  flat  in  shoal  water,  the  Key  West  oolite 
was  formed,  while  still  farther  to  the  westward  the  Tortugas  were  out- 
lined under  the  influence  of  winds  and  currents.  This  period  of  events 
was  succeeded  by  the  elevation  of  the  entire  key  r^on  to  more  than  50 
feet  above  its  previous  level.  This  uplift  was  succeeded  by  one  of  depres- 
sion, lowering  the  surface  30  feet  or  more,  establishing  practically  the 
same  relation  of  the  sea-level  to  land  that  now  prevails.  Subsequent  to 
the  b^^inning  of  this  last  depression  the  present  barrier  reef  has  developed 
seaward  of  the  keys  on  a  platform  already  prepared  for  it,  the  Marquesas 
have  been  formed  by  winds  and  currents,  and  coral  reefs  have  reestab- 
lished themselves  in  the  Tortugas. 
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COMPARISO©  OF  THE  FLORIDA  REEF  TRACT  WITH  SOME  OHTHER 

CX)RAL  REEF  AREAS. 

In  order  to  compare  the  relations  of  the  barrier  reef  of  Florida  with 
the  last  change  of  sea-level  in  Cuba  and  in  Andros  Island,  Bahamas,  the 
following  statements  will  be  made:  Hayes,  Vaughan,  and  Spencer^  have 
shown,  as  is  evidenced  by  the  pouch-shaped  harbors  of  the  Cuban  coast 
and  filled  channels,  such  as  the  submerged  filled  channel  in  Havana  Harbor» 
that  the  last  movement  of  the  Cuban  coast  has  been  downward  with  refer- 
ence to  sea-level.  As  an  account  of  the  Cuban  reefs  would  be  out  of  place 
here,  reference  is  made  to  that  published  by  A.  Agassiz.'  The  platform  oh 
which  the  Cuban  reefs  grow  has  been  brought  to  its  present  position  by 
subsidence.  The  great  barrier  reef  of  Andros  Island,  Bahamas,  as  I  have 
shown,'  occupies  the  outer  edge  of  a  depressed  i^tform.  Therefore  the 
Floridian,  Andros,  and  Cuban  reefs  all  have  a  similar  relation  to  the  oscilla- 
tion of  sea-level,  as  in  each  instance  there  has  been  elevation  antecedent 
to  depression  which  has  brought  the  platforms  on  which  the  reefs  stand 
into  their  present  positions. 

There  is,  however,  in  one  important  respect,  a  diflFerence  between  the 
relations  of  the  Recent  reefs  of  Florida,  Andros  Island,  Bahamas,  and  of 
those  of  Cuba  to  Pleistocene  oscillation.  The  oscillations  in  Florida  and 
Andros  Island  have  taken  place  without  notable  differential  crustal  move- 
ments; while  in  Cuba  there  was  notable  deformation  accompanying  the 
oscillations.  The  Pleistocene  terraces  rise  in  height  toward  the  eastern 
end  of  Cuba  in  Oriente  Province,  where  altitudes  of  about  600  feet  are 
attained  near  Cape  Maisf;  while  in  Santa  Clara,  Matanzas,  and  Havana 
provinces  terraces  on  the  north  side  are  distinct  and  rise  in  several  steps  to 
heights  of  about  200  feet,  but  are  absent  or  indistinct  on  the  southern  side.^ 
These  facts  show  that  there  has  been  pronounced  tilting  in  late  Pleistocene 
time.    In  Barbados  Pleistocene  reefs  extend  to  1,000  feet  in  elevation. 

By  working  out  the  salient  features  in  the  development  of  the  Florida 
reefs  and  instituting  comparisons  with  the  West  Indies  a  basis  has  been 
supplied  for  explaining  certain  puzzling  relations  of  the  reefs  in  the  Tropical 
Pacific.  A.  Agassiz  discovered  that  in  the  Paumotuan  atolls  the  Recent 
corals  were  growing  as  a  thin  crust  on  an  older  limestone  foundation.  His 
explanation  of  the  formation  of  the  atolls  by  the  destruction  of  the  interior 
of  a  limestone  mass  must  be  discarded,  as  they  were  certainly  not  formed 
in  that  manner  but  by  constructional  agencies.  There  was  evidently  a 
period  of  atoll  formation  in  the  Paumotus  previous  to  the  growth  of  the 
Recent  corals,  which  have  established  themselves  on  an  atoll  basement 
already  prepared  for  them.  A  great  development  of  Pleistocene  (and  per- 
haps late  Tertiary)  coral  reefs  in  the  tropical  Pacific  has  been  proven  in  the 
most  convincing  way. 

>  Repoft  on  a  geological  xeoomialMUioe  of  Cube,  made  under  the  directkm  of  General  Leonard  Wood* 
Mltttaiy  Governor,  xgoi.    Report  of  the  Military  Governor  for  xgoi. 
s  BoD.  Mua.  Comp.  Zool^  vol.  26,  pp.  133-136.    1894* 

•Cam.  Init.  Wash.  Year  Book.  No.  ix,  p.  154*  ipxa;  Cam.  Init.  Waah.  Pub.  181,  page  50,  Z9t3* 
«  Hajrca,  Vaughan,  and  Spencer,  Geological  reconnalHance  of  Cuba,  pp.  x8-ao. 
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There  is  abundant  evidence  of  differential  crustal  movement  in  the  tropi- 
cal Pacific  similar  to  that  indicated  for  the  West  Indies.  E.  C.  Andrews^ 
and  C.  Ebchner*  have  both  described  warping  or  tilting,  the  former  for  the 
FijiSy  the  latter  for  the  Pacific  more  or  less  in  general.  Agassiz  described 
an  elevated  atoll,  Makatea,  in  the  Paumotus,  and  Andrews  has  given  a 
detailed  description  of  the  elevated  atoll  of  Mango,  Fijis.  The  old  reefs 
have  been  subjected  to  differentiated  earth  movement,  so  that  in  certain 
places  old  atolls,  such  as  Rangiroa  and  others  in  the  Paumotus,  now  stand 
at  or  near  sea-level,  while  other  atolls  have  been  uplifted  to  heights  as  great 
as  230  feet  in  Makatea  and  600  feet  in  Tuvuth&,  Fijis.  In  other  areas 
there  has  been  depression,  Bora-Bora,  for  instance,  as  Dana,  P.  Marshall, 
and  more  recently  W.  M.  Davis,  have  shown. 

In  conclusion  it  will  be  said  regarding  the  Pacific  coral  reefs:  (i)  Atolls 
are  not  formed  by  solution,  but  by  constructional  geologic  agencies;  (2)  there 
was  in  the  tropical  Pacific  a  great  development  of  Pleistocene  and  perhaps 
late  Tertiary  reefs  which  have  subsequent  to  their  formation  been  sub- 
jected to  extensive  differential  crustal  movement;  (3)  these  deformed  older 
reefs  are  frequently  the  basement  of  the  Recent  reefs.  Although  important 
contributions  have  already  been  made  to  the  study  of  Pleistocene  and 
Recent  oscillation  and  deformation  in  the  Tropical  Pacific,  there  is  great 
need  for  more  extensive  and  more  detailed  investigations  of  this  phase  of 
the  coral-reef  problem  in  order  to  ascertain  more  accurately  the  relations 
of  the  older  to  the  Recent  reef  series. 

^Notet  on  tbe  Hmwronet  and  general  geolosy  of  the  Fiji  lalandt;  Boll.  Mm.  Comp.  ZooU,  vol.  38.  PIK 
27—30.    X900. 

*  Corallocene  Poepbat-Inaeln  Austral-Occaniens,  pp.  is-xp*  Lflbeck.    19x3. 
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SOME  CHEMICAL  CHARACTERISTICS  OF  SEA-WATER  AT  TORTUGAS 
AND  AROUND  BISCAYNE  BAY,  FLORIDA. 


By  R.  B.  Dolb. 


INTRODUCTION. 

The  chemical  tests  at  Tortugas  were  performed  by  the  writer  in  June 
1913,  in  the  Marine  Biological  Laboratory,  Tortugas,  Florida,  for  the 
primary  purpose  of  ascertaining  what  soluble  effect,  if  any,  carbon  dioxide 
in  sea-water  might  have  on  coral  and  other  deposits  of  calcium  carbonate. 
The  tests  of  waters  from  Biscayne  Bay  were  made  to  ascertain  the  differ- 
ences in  concentration  of  sea-water  in  the  bay  and  the  diluting  effect  of 
Miami  River.  The  samples  for  the  latter  work  were  collected  by  the 
writer  June  23,  1913,  and  they  were  examined  during  the  summer  by  E.  C. 
Bain,  junior  chemist,  U.  S.  Geological  Survey. 

DETERMINATION  OF  CARBC^  DIOXIDE. 

To  100  c.c.  of  the  sample,  in  a  Nessler  tube  measuring  17.5  cm.  to  the 
graduating  mark,  10  drops  of  i  per  cent  phenolphthalein  was  added  and 
the  solution  was  titrated  to  an  add  reaction  by  means  of  N/20  sulphuric 
add.  This  is  the  usual  procedure  for  estimation  of  normal  carbonates 
in  water.  The  result  of  the  titration  has  been  calculated  to  ''carbon  dioxide 
(CQi)  present  as  carbonate  (COt) "  by  means  of  the  formula  A  «  22Q/df 
in  whidi  A  represents  milligrams  per  liter  of  carbon  dioxide,  Q  the  number  of 
cubic  centimeters  of  N/20  sulphuric  add  required,  and  d  the  density  of  the 
water. 

A  suffident  excess  of  N/20  sulphuric  add  was  added  to  200  c.c.  of  the 
sample  in  a  Jena  flask  and  the  solution  was  gently  boiled  long  enough  to 
drive  off  carbon  dioxide,  after  which  the  total  quantity  of  add  consumed 
was  determined  by  titrating  the  excess  with  barium  hydrate  in  presence 
of  phenolphthaldn.  This  procedure  was  followed  by  Fox^  and  others  in 
determining  the  alkalinity  of  sea-water.  The  "carbon  dioxide  (CQi) 
present  as  bicarbonate  (HCOs)"  was  computed  by  means  of  the  formula 
J5  =  1 1  (O' — 40/d,  in  which  B  represents  milligrams  per  liter  of  carbon  diox- 
ide, and  (^  the  total  quantity  of  add  required.  The  result  of  the  second 
titration  has  also  been  expressed  as  "total  alkalinity  in  equivalent  OH" 
in  order  to  afford  comparison  with  the  results  of  certain  other  analysts. 
This  calculation  has  been  made  by  the  formula  C  =  4*2750^/^,  in  which 
C  represents  the  equivalent  alkalinity  in  milligrams  per  liter  of  the  hydroxyl 
radide  (OH). 

>  Poz,  C  J.  J..  On  tht  coeffidents  of  abiorptkm  of  tht  atmospheric  cases  In  distilled  water  and  sea- 
water.    CooseU  permanent  inteniatloiial  de  fat  mer,  pub.  de  diconstanoe  44.    February  1909. 
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DETERMINATION  OF  CHLCMIINE. 

Chlorine  was  estimated  by  means  of  the  salinity  outfit  supplied  by  the 
G>penhagen  laboratory  of  the  Conseil  permanent  international  de  la  mer. 
This  apparatus  was  obtained  through  the  courtesy  of  the  United  States 
Bureau  of  Fisheries.  The  procedure  is  an  adaptation  of  the  usual  method 
of  estimating  chlorine  by  titrating  with  silver  nitrate  in  presence  of  potas- 
sium chromate.  An  essential  feature  is  a  sealed  tube  of  standard  sea- 
water  whose  content  of  chlorine  has  been  very  carefully  determined.  This 
water  is  used  for  comparison  and  the  apparatus  is  so  constructed  and  cali- 
brated as  to  insure  maximum  accuracy.  Standardized  burette  No.  8, 
measuring  about  1.5  mm.  between  graduations,  and  pipette  No.  3,  having 
a  capacity  of  15.04  cc,  were  used.  Standard  sea-water  P7  2/2,  1912,  with 
a  chlorine  content  of  19.386  grams  per  kilogram,  was  titrated  frequendy 
during  the  tests  at  Tortugas.  In  the  later  tests  comparison  was  made 
indirectly  with  the  same  standard  by  means  of  a  large  sample  of  sea-water 
from  Tortugas  that  had  been  titrated  several  times.  Knudsen's  correction 
(k)  has  been  applied  to  the  titrations^  and  salinity  (5)  has  been  computed 
by  means  of  his  formula/  in  which  CI  represents  grams  per  kilogram  of 
chlorine:  5  =  0.030  +  1.805  CI. 

SPECIFIC  GRAVITY. 

Density  was  determined  by  comparison  in  10  cc.  weighing  flasks  with 
distilled  water  at  25^  C.  Knudsen's  values^  for  p]7.s  were  used  for  com- 
puting density  (S173)  as  follows  Sjn  «  i  +  pt^jKi  where  pi7.r  =  i. 00129 
(0.1245  +  (To  —  o.0595<ro  +  o.oooi55<ro*)  and  <ro  «  —  0.069  +  14708 
CI  —  0.001570CI*  +  0.0000398  CI*.  Part  of  the  relatively  slight  diflFerence 
between  determined  and  computed  figures  for  sea-water  around  Biscayne 
Bay  may  be  attributed  to  difference  of  standard;  that  is,  by  the  deter- 
mined value  the  sea-water  is  compared  with  distilled  water  at  25**  C, 
while  by  the  calculated  value  the  specific  gravity  of  the  sea-water  at 
17.5^  is  referred  to  distilled  water  of  the  same  temperature. 

SEA-WATERS  AT  TORTUGAS. 

It  is  believed  that  solution  of  calcium  carbonate  by  carbon  dioxide  in 
sea-water,  if  such  action  takes  place,  would  be  shown  by  regular  diflFerences 
in  condition  of  carbon  dioxide  in  the  ebb  and  flood  waters  passing  out  of 
and  into  the  lagoon  surrounded  by  the  shoals  and  keys  of  the  Tortugas. 
Accordingly,  samples  of  sea-water  were  collected  twice  a  day  from  the 
middle  of  Southwest  Channel  about  a  mile  southeast  of  Loggerhead  Key; 
these  were  taken  in  botties  provided  with  washered  caps  that  could  be 
clamped  down  to  prevent  escape  of  gases  and  the  samples  were  kept  on 
ice  until  they  were  examined.  Those  collected  from  June  11  to  16,  indu* 
sive,  were  tested  immediately,  and  though  those  taken  before  the  former 
date  had  been  stored  for  several  days  the  tests  do  not  indicate  that  the 
delay  in  examination  had  any  appreciable  effect  on  their  composition. 

>  Knudaen.  Martin,  HydrocntI>hical  tablet.    Copenhacen,  1901, 
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Tablb  i.—SaUniiy  and  Cofban-Dioxide  Content  of  Sea-Water  from  Southwest  Channel, 

Tortuios,  Fhnda. 
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SALINITY. 

The  data  in  table  i  show  that  there  is  no  significant  or  regular  difference 
in  chemical  composition  of  the  incoming  and  the  outgoing  tide.  The 
average  chlorine  content  of  the  flood  water  b  19.936  grams  per  kilogram 
and  the  maximum  range  is  only  0.12  gram  per  kilogram,  while  the  content 
of  the  slack  water  is  19.932  grams  per  kilogram  with  a  maximum  range  of 
0.13  gram  per  kilogram.  The  close  agreement  of  these  averages,  the  narrow 
range  of  the  values,  and  the  insignificant  differences  between  daily  tide 
contents  indicate  that  there  was  no  essential  difference  in  concentration 
of  the  waters  during  the  period  in  which  the  samples  were  collected.  These 
results,  with  those  in  table  2,  show,  however,  that  the  salinity  of  the  sea- 
water  at  Tortugas  is  slightly  greater  than  that  of  average  ocean-water.  This 
greater  concentration  is  doubtless  due  to  high  rate  of  evaporation  in  the 
comparatively  shallow  water. 


Table  2.--Cktorine  Content  and  Salinity  of  Sea-Water  at  Tartugas,  Florida, 
[Gnmf  per  kUosram.] 


Source. 


Off  Loggerbead  Key> 
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After  rain,  Feb.  97*  I9i3*~ 
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X9'6o 
X9.95 
19.93 
X9.99 

19.99 

X9^4 
19.96 
ao.09 
19.6X 
19.60 
X9.83 
17.79 
X9.67 
X9.S3 
X9.X9 


X9.386 


Salinity. 


35.41 
36a>4 
36.OX 
36.1  X 
36.x  X 
35.S4 
36.06 
36.99 
35.43 
354X 
35.09 
3a.X4 
35.53 
3539 
34.67 


35.09 


1  Computed  from  report  of  analyds  by  G.  Std 
lished  in  The  Data  of  Geochemistry,  by  F.  W. 

*  Tested  at  the  Plymouth  (England)  laboratory, 
s  Tested  by  R.B.  Dole. 

*  Standard  Pt  9/9, 19x9. 


,  of  the  U.  S.  Geological  Surrey  Labotatory;  pob- 
rke.  Bull.  U.  S.  Geological  Survey.  49X,  p.  xx3>  X9ix. 


ALKALINITY. 

The  average  alkalinity  of  water  from  the  Southwest  Channel,  0.0400 
OH  gram  per  kilogram,  is  that  given  by  Allen  and  others  for  normal  sea- 
water.^  The  average  alkalinity  of  the  flood  water,  0.0401,  and  that  of  the 
slack  water,  0.0399,  differ  from  each  other  much  less  than  the  average 
deviation  of  individual  observations  (^^  0.0008),  and  agree  with  the  esti- 
mates of  alkalinity  of  the  composite  flood-  and  slack-tide  samples  recorded 
in  the  last  two  lines  of  table  i.  The  alkalinity  of  these  waters  seems  to  be 
practically  the  same  as  that  of  normal  sea-water. 

The  average  total  content  of  carbon  dioxide  of  the  incoming  water  is 
essentially  that  of  the  outgoing  water,  and  though  the  recorded  values  differ 
somewhat  from  day  to  day  the  range  is  not  very  great  or  very  significant; 
there  is  no  regular  excess  of  the  values  of  one  set  over  the  other.  Though 
the  probable  error  of  individual  determinations,  about  0.0020  gram  per 


>  AUen,  B.  J.,  and  B.  W.  Ndson.    On  the  artificial  culture  of  marine  planktoa 
Joum.  Micros.  Sdenoe,  voL  55t  pt.  9,  June  x9xo. 
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kilogram,  is  less  than  some  of  the  differences,  the  variations  are  about  what 
might  be  expected  in  a  series  of  examinations  of  a  flowing  water. 

The  quantity  of  add  required  to  neutralize  the  cold  sea-water  in  presence 
of  phenolphthalein  proves  conclusively  that  "/re«"  carbon  dioxide^  in  the 
ordinary  acceptance  of  that  term  in  America,  is  not  present.  Consequently, 
the  inflowing  waters  at  Tortugas  would  have  no  soluble  action  on  deposits 
of  calcium  carbonate  by  virtue  of  the  carbon  dioxide  they  contain.  One- 
half  the  carbon  dioxide  in  equilibrium  as  the  bicarbonate  radicle  (HCO<) 
is  commonly  termed  the  "half-bound"  carbon  dioxide  and  that  quantity  is 
probably  the  carbon  dioxide  referred  to  as  "free"  by  some  writers  on  the 
composition  of  sea-water.  So  far  as  can  be  ascertained  from  the  literature 
the  carbonate  radicle  (COt),  but  not  the  free  acid,  is  always  present  in  sea- 
water;  or,  as  Dittmar  expressed  it  in  his  computation  of  hjrpothetical  com- 
binations, the  carbon  dioxide  is  more  than  sufficient  to  complete  the  forma- 
tion of  the  carbonate  but  considerably  less  than  is  required  to  form  the 
bicarbonate.^  Dittmar  report^  the  average  alkalinity  of  130  samples  of 
ocean  water  as  54.70  milligrams  per  liter  of  C0|,  meaning  thereby  the  com- 
bined carbon  dioxide  (total  minus  the  half-bound  add) ;  the  corresponding 
figure  computed  from  the  results  at  Tortugas  is  52.5  milligrams  per  liter. 

Briefly,  it  may  be  stated  that  the  condition  and  the  quantity  of  carbon 
dioxide  in  the  water  entering  Tortugas  Harbor  do  not  appear  to  be  essen- 
tially different  from  those  of  the  escaping  water  or  normal  sea-water.  The 
inflowing  toater  has  no  apparent  action  on  deposits  of  calcium  carbonate  by 
virtue  of  its  content  of  carbon  dioxide. 

SEA-WATER  AROUND  BISCAYNE  BAY. 
HYDROGRAPHY. 

Biscayne  Bay  ranges  from  3  to  8  miles  in  width  and  extends  north  and 
south  of  the  mouth  of  Miami  River,  though  lying  mostly  south  of  it.  It  is 
bounded  on  the  east  by  low  keys  and  reefs,  through  which  there  are  numer- 
ous narrow  channels.  It  is  very  shallow,  being  for  the  greater  part  only  8 
to  12  feet  deep.  Featherbed  Bank,  a  shoal,  cuts  off  the  northern  part  of 
the  bay,  and  coral  banks  covered  with  sand  extend  from  Ragged  Keys  to 
Key  Biscayne.  Mian:ii  River  is  a  small  stream,  dischai^ng  only  about  400 
second-feet  at  the  time  of  sampling. 

COMPOSITION  OP  THE  WATER  OP  MIAMI  RIVER. 

No  analyses  of  water  from  Miami  River  above  tidal  influence  are  avail- 
able, but  as  it  receives  drainage  from  the  Everglades  its  water  is  doubtless 
similar  in  concentration  and  composition  to  that  of  Lake  Okeechobee  and 
Fort  Lauderdale  Canal,  analyses  of  which  are  quoted  in  Table  i.  These 
are  analyses  of  calcium-carbonate  waters  of  low  mineral  content  carrying 
considerable  organic  matter.  Normally  Miami  River  may  be  expected  to 
contain  a  small  amount  of  free  carbon  dioxide  and  no  carbonate  (COt). 

>  Qnoted  by  Poz,  C.  J.  J.  CoofleQ  pennanent  Intenuttional  de  la  mer,  pub.  de  drconstance  44-  Feb* 
maiy  1909. 

•Dittmar.  William.  The  alkalinity  of  ocean  water.  Report  of  the  Toyase  of  H.  Jf.  5.  ChaUtnttr 
iS73-7^.  vol.  I,  p.  124. 
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Table  z-— Composition  of  Drainage  from  the  Florida  Eeer^ades,^ 
[MUUgimint  per  Uter.] 


Total  toUdi  at  i8o*  C 

Total  aoUdi  at  dull  red  beat... 
Organic  and  voladk  matter... 

SoET^Ot) 

Iron  (Fe) « 

Caldum  (CaV- « 

Magnerinm  (Mg)> 

Sodium  (NaV 
F6taarium( 
Carbonate  i 

Bicarbonate  ndlcle  (HC 
Sulphate  FMlide  (SOO  • 

Chlorine  (CI).- 

Nitrate  radicle  (NOO- 
Color  « 


fc:::: 

sradide  0 


North  New 
River  Canal, 

atlock6 
milea  above 

Port 
Lauderdale. 


u 

6.7 
19 

8.0 
.0 
94 

•z 
3* 


ctiobec,  3 

mUet  north 

of  Rittn 


183 
143 

8.9 
^3 
31 

4^ 

104 
7.3 
a8 

.1 
4X 


1  Samples  coOerted  in  June  Z9i3»  by  R.  B.  Dole;  analyied  by  W.  T.  Read. 
TESTS  OF  BAY  WATERS. 

Samples  were  collected  in  or  just  outside  Biscayne  Bay  at  the  pcrnits 
shown  on  the  accompanying  map  and  the  chemical  tests  of  them  are  re- 
corded in  table  4. 
Tablb  ^-^ome  Chemical  Characteristics  of  Sea-Water  Around  Biscayne  Bay,  Florida. 
[Samples  collected  June  33.  Z9i3.  by  R.  B.  Dole;  analyses  by  B.  C.  BafaiJ 


No. 


Location. 


Mouth  Miami  River  inside  bar  near 
Royal  Palm  dock 

1.5  miles  east  of  Miami  at  iz  ft.  depth 
in  flovemment  channel  north  of 
VfrglniaKey 

Off  Cormorant  Point  (tide  ebl 

z  mile  west  of  west . 
cayne  near  inside  _  __ 

0.35  mUe  west  of  Old  Man  Beacon 

3  miles  nortlieast  of  Black  Ledge 


^t  (tide  ebbing) ... 
t pobt  of  K^Bis- 
e  P  &  O  maner  ... 


0.5  mile  west  of  Sokiier  Key.... 

In  «*>»«««^i  throurii  Featherbed  i^wif 

Z.5  miles  west  of  Fowey  Rocks  Light, 
outside  bay  ~ 

In  channel  south  of  Key  Biscayne  and 
O.S  mile  south  of  Old  Florida  Cape 
Light,  outside  bay 

At  red  buoy  outside  bar  across  en- 
trance to  Bear  Cut,  a  mUe  south- 
east of  Virginia  Key;  outside  bay.. 


Temp. 

of 
water. 


•C. 
36.3 

36^ 

37.3 
36.0 
37.3 
37.0 
36.4 

36.9 

37.3 
37.7 


Time. 


4b3om  ajn. 


3  00    pjn. 

4  45    ajn. 

5  30 

6  00 

7  00 
9  00 

8  00 

zz  00 


IX  4S 
z  Z5    pJn. 


Grams  per  kilogram. 


Tr. 

0.333 

o/yjS 

Z.43 

0.033 

.oz8 

.068 
.091 

.043 
.049 

14.73 
13.35 

.0Z3 
.030 

.oz8 
.oz8 

5S 

.037 

.043 

5JI 

Z6.80 
Z8.79 
30.33 

30.38 
30.38 

.036 

.083 

.053 

19.93 

.036 

.033 

.033 

19.83 

.036 

.055 

.043 

19.99 

86.63 

34.13 

30.35 
33.95 
36.73 

36.64 

36.00 


35.83 
36.11 


1.0303 

Z4>i84 

Z.0333 

Z.0359 

Z.038Z 

Z.0380 
Z.0380 

Z.037S 


1.0374 
Z.0376 


Z.0033 


I4>107 
z.oza4 

Z.0338 
Z.03$6 


1.0379 

Z.037I 
z.0370 


Z.0374 


DETERMINED  AND  CALCULATED  DENSITIES. 

No  particular  importance  can  be  given  to  the  relatively  slight  differences 
between  the  determined  and  calculated  densities,  especially  in  view  of  the 
absence  of  several  duplicate  determinations  on  each  sample.  On  the  other 
hand,  the  fairly  dose  agreement  of  the  estimates  indicates  that  the  density 
of  aea-water,  even  when  largely  diluted  by  river  water,  may  be  used  in 
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SHOWINQ  POINTS  AT  WHICH  SAMPLIIS  OF  WATER  WERE 
CdXECTED 


NAUTICAL       MIL.es 

pies 


04.     SAMPL/NG  STAT/ON 
Base  traoed  from  USCS.  Chart  No.  /€€ 


25 


25. 


40'" 


25- 
35^ 


sol-Soldier  Key^,g^^«y 


25, 
35 


30* 


25. 


80"2o' 


80'is' 


80''»0' 


80*^ 
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place  of  the  directly  determined  density  in  computation  of  the  chemical 
analysis.  Obviously,  however,  the  relation  could  not  be  depended  upon 
for  inland  saline  solutions,  which  vary  greatly  in  the  percentage  composition 
of  their  anhydrous  residues. 

DIFFERENCE  IN  CONCENTRATION. 

The  salinities  of  the  three  samples  taken  outside  the  reefs  (2,  3,  and  4) 
agree  closely  with  each  other  and  with  the  salinity  of  gulf  water  at  Tortugas, 
Florida  (36.01),  which  is  somewhat  greater  than  that  of  standard  ocean 
water  (35.02).  The  water  in  the  south  part  of  the  bay  is  somewhat  more 
concentrated,  samples  Nos.  9,  5,  and  8  having  salinities  of  36.73,  36.64,  and 
36.64,  respectively.  This  evidence  that  the  water  in  this  part  of  the  bay 
is  concentrated  by  evaporation  during  its  retention  in  the  shallows  serves 
further  to  indicate  that  circulation  there  is  not  very  rapid  and  that  the 
greater  bulk  of  the  water  inside  the  keys  is  not  thoroughly  mixed  or  shifted 
by  the  tides.  The  inside  samples  only  as  far  south  as  Old  Man  Beacon 
give  evidence  of  dilution  by  fresh  water;  therefore  it  may  be  concluded 
that,  at  least  at  the  time  these  samples  were  collected,  the  effect  of  Miami 
River  on  the  water  of  the  bay  did  not  extend  south  of  Soldier  Key  nor 
outside  the  keys.  Sample  i  has  a  salinity  obviously  higher  than  the  pure 
water  of  Miami  River  alone  may  be  expected  to  have,  and  represents 
admixture  with  bay  water;  carbonates  are  absent  from  it,  but  bicarbonates 
are  much  higher  than  in  the  normal  drainage  from  the  Everglades  and  may 
be  attributed  to  reaction  of  the  carbon  dioxide  that  the  river  water  carries. 
In  all  other  samples  normal  carbonates  are  present  as  in  sea-water  and 
Jree_carbon  dig^^dnJc^j^tirely  absent,  but  there  are  wide  differences  in  the 
alkalinity  from  point  to  point. 


Digitized  by 


Google 


VI. 

OBSERVATIONS  UPON  THE  GROWTH-RATE  AND 
OECOLOGY  OF  GORGONIANS. 


BY  LEWFS  R.  GARY, 

Instructor  in  Biology,  Princeton  University. 

Two  plates. 


79 


Digitized  by 


Google 


Digitized  by 


Google 


OBSERVATIONS  UPON  THE  GROWTH-RATE  AND  OECOLOGY  OF 

GORGONIANS. 


By  Lewis  R.  Gary. 


The  following  account  includes  the  record  of  observations,  extending 
over  a  period  of  three  years,  upon  the  growth-rate  of  three  species  of  gor- 
gonians  under  the  natural  environmental  conditions  found  on  the  reefs  about 
Dry  Tortugas,  Florida.  The  oecological  data  have  been  secured  in  the 
same  periods  of  observation  and  are  supplemented  by  observations  made 
at  Montego  Bay,  Jamaica. 

RATE  OF  GROWTH  OF  GORGONIANS. 

The  records  of  the  growth-rate  of  Gorgonia  flabellum  and  Plexaura 
flexuosa  are  for  specimens  occurring  on  the  reefs  immediately  surrounding 
Loggerhead  Key,  the  location  of  the  Tortugas  laboratory.  All  of  the 
specimens  have  been  allowed  to  remain  in  their  original  place  of  attach- 
ment except  those  shown  in  the  accompanying  plates,  the  measurements 
of  which  are  given  in  table  2.  These  were  cemented  to  tiles  in  order  that 
they  could  be  more  easily  photographed  from  time  to  time  to  afford  a  visual 
as  well  as  a  linear  record  of  their  growth. 

Table  i. 


Spedmen 
No. 

Gorgonia  flabellum. 

Height. 

Increase  from — 

June  X9X0. 

Jan.  X9XX.  i  June  191  x. !  Aug.  19x3. 

Z910-XI. 

i9xi-ia. 

X 

a 
3 
4 
5 

»xoo 

>zoo 

»7o 

300 

ISO 

135                ISO               gone 
138                ISO        '        m 
xoo                145        ,        183 
300         '        374 

!       219       1       345 

p.ct. 
SO 
SO 

107.14 
10 
46.38 

p.ct. 

a6.ao 
10.30 
I  a. 38 

specimen 

Plexaura  flexuosa. 

Height. 

Increase  from — 

June  Z910. 

Mm. 
80 

ISO 

SO 
345 
XXS 

Jan.  19XX.  1  July  191  x. 

Aug.  X9X3. 

1910-IX.    1    i9ix-za. 

z 
a 
3 
4 
5 

mm.              mm. 

XOS                X35 

155 

65  ,  83 
a69 

150                163 

mm. 

ZOI 

183 

p.  a. 
68.77 

9.7 
41.39 

P.O. 
a9.6a 

6.69 
ia.a7 

>  These  specimens  had  been  exposed  to  the  air  for  a  long  time  during  an  exceptionally  low  tide  on  June  6, 
1910.  so  that  the  height  given  in  the  table  does  not  represent  the  actual  growth  since  attachment,  but  the 
amount  living  at  tha^  time. 
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The  most  complete  records  of  the  growth  of  specimens  of  G.  flabellum 
and  P,  flexuosa  among  my  data  are  those  for  some  specimens  growing  upon 
a  single  coral  head  {Orbicella  annularis)  some  12  feet  in  diameter,  situated 
about  200  yards  west  from  the  laboratory  upon  a  shallow  reef.  Table  i 
shows  the  growth-record  for  the  period  since  June  1910,  and  gives  the 
original  size  and  the  change  in  height  of  the  same  specimens  of  gorgonians 
after  7  months,  i  year,  and  2  years  from  the  time  of  first  measurement;  with 
the  percentage  of  increase  in  height  for  the  2  years. 

Similar  records  of  individuals  of  the  same  species  growing  upon  tiles, 
photographs  of  which  constitute  a  part  of  this  report,  are  shown  in  table  2. 


Table  2. — Heights  of  gorgonians  attached  to  tiles  to  show  growth  in  a  year. 


Tfle  and  flpedes. 


I  July  I9II* 


Tile  z 
TUea 
TUe3 


'  G.  flabdlum  . . 

P.  flexuosa 

P.  fleznoaa  (a) 
P.  fleznoea  (b)  . 

G.  flabeUum  . . 


6s 
130 

X4S 
70 

41 


Aug.  i9xa* 


148 
150 
175 
lao 

124 


Percent 
Increase. 


127.69 
15-38 

20.62 

70.43 
202.43 


All  of  the  specimens  recorded  in  table  2  were  selected  without  any 
special  reference  to  size,  as  at  that  time  no  data  were  at  hand  to  afford  the 
basis  for  a  correlation  between  size  and  age.  Small  (young)  individuals 
of  either  of  the  above-listed  species  were  so  rarely  found  on  the  reefs  during 
the  period  of  observation  in  June  1910  or  July  1912  that,  although  the 
specimens  on  any  of  the  reefs  studied  could  be  readily  arranged  into  a 
series  of  groups,  each  containing  individuals  of  about  the  same  size,  the 
relation  in  respect  to  age  among  the  several  groups  could  not  be  determined 
with  certainty. 

The  study  of  the  same  areas  of  reef  in  August  1912  showed  the  presence 
of  a  considerable  number  of  small  specimens  of  both  species.  On  the  coral 
head  west  of  the  laboratory  there  was  found  on  August  21,  1912,  seven 
specimens  of  P.  flexuosa,  which  had  become  attached,  or  at  least  had  become 
noticeable,  since  July  23,  191 1.  The  length  of  these  specimens,  in  order  of 
magnitude,  was  25  mm.,  26  mm.,  31  mm.,  32  mm.,  42  mm.,  42  mm.,  and 
46  mm.,  respectively.  Beside  these  there  was  found  a  single  young  specimen 
3  mm.  in  length,  which  consisted  of  only  two  calyces  and  polyps.  The 
identification  of  this  specimen  as  P.  flexuosa,  which  is  based  upon  the 
character  of  the  spicules  and  that  of  the  orifice  of  the  calyx,  is  at  best 
uncertain.  The  specific  identity  of  the  specimen  is  of  considerable  interest 
in  connection  with  other  data  bearing  on  the  time  and  duration  of  the 
breeding  season,  as  will  be  pointed  out  in  the  section  of  this  paper  dealing 
with  oecology. 

On  a  shallow  reef  east  of  Loggerhead  Key,  where  measurements  of  all 
gorgonians  had  been  made  yearly  since  1910,  there  were  found  15  specimens 


of  P.  flexuosa  less  than  50  mm.  in  length. 


These  were  not  of  a  recognizable 
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size,  if  present,  when  the  measurements  were  made  over  the  same  area  in 
July  191 1. 

Upon  the  last-mentioned  reef  26  specimens  of  G.  fldbeUum,  less  than  65 
mm.  in  height,  were  also  found,  which  were  not  recognizable  when  the 
measurements  were  made  in  July  191 1. 

On  the  basis  of  these  observations,  in  conjunction  with  the  records  given 
in  tables  i  and  2,  it  becomes  possible  to  make  the  records  complete  for  at 
least  two  years  in  the  case  of  G.  flabdlum  (fig.  8,  plate  2).  Observations 
after  another  year's  growth  will,  moreover,  fill  in  the  stages  to  complete  the 
record  for  six  years. 

All  specimens  of  G.  flabeUum  and  of  P.  flexuosa,  on  a  reef  east  of  Logger- 
head Key,  were  measured  in  July  191 1  and  again  in  August  1912.  Most  of 
the  individuate,  as  already  mentioned,  fall  into  natural  "size  groups,"  which 
for  convenience  have  been  designated  as  follows:  Group  i,  o  to  75  mm.; 
group  2,  75  to  150  mm. ;  group  3,  150  to  300  mm. ;  group  4,  300  to  450  mm. ; 
group  5,  450  to  600  mm.;  group  6,  600  +  mm.  As  shown  in  table  3,  the 
percentage  of  individuals  in  groups  i  and  2  varied  markedly  in  the  two 
seasons,  while  the  number  of  the  larger  specimens  was  proportionately 
similar  for  the  two  years. 


Table  3. — Site  groupings  as  shown  by  measurements  of  all  inditnduals  on  a  single  shallow  reef. 


^)ede8  and  date. 


Z9XX 

191a 

1911. 
1913.. 


p.  a. 
o 
1S.4 

0.6a 
8.33 


Gioap  z.      Group  a.      Group  3*      Group  4. 


p.  a, 

7.35 

8.06 
17.77 


p,a. 
36.76 
29.70 

45.16 


p.  a. 
30.88 

37.09 
33.88 


Group  5* 


P.  a. 
16.17 
Z8.4S 

6.54 
S.00 


Group  6. 


p,a, 
8.8a 
3.59 

0.6a 
0.55 


The  observations  upon  the  breeding  season  and  the  attachment  of  the 
planuUe  are  intimately  connected  with  those  in  relation  to  the  absence  of 
small  (young)  specimens  of  gorgonians  during  the  seasons  of  1910  and  191 1. 
In  June  1910  almost  every  colony  of  P.  flexuosa  examined  was  carrying 
mature  eggs  which  could  be  stimulated  to  development  by  the  use  of  chemi- 
cals which  are  ordinarily  efficacious  in  bringing  about  artificial  partheno- 
genesis. None  of  the  planulse  among  those  to  be  obtained  in  the  tow  net 
could,  with  certainty  be  identified  as  those  of  this  species,  nor  could  any  of 
the  colonies  be  kept  long  enough  in  aquaria  to  secure  planulse.  The  evi- 
dence from  artificial  parthenogenesis  is,  however,  enough  to  establish  the 
fact  that  the  breeding  season  was  in  progress  at  that  time. 

In  July  191 1  some  of  the  colonies  of  P.  fiexuosa  contained  ripe  eggs,  but 
the  greater  number  were  without  apparent  gonads.  Late  in  August  1912 
not  a  single  specimen  was  found  in  which  gonads  were  recognizable,  although 
more  individuals  were  examined  to  determine  this  point  than  in  either  of 
the  other  years.  The  breeding-season  for  P.  flexuosa  is,  then,  apparently 
at  its  height  in  June.  The  number  of  individuals  with  ripe  sexual  products 
diminishes  rapidly  through  July,  while  by  the  latter  part  of  August  the 
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breeding  season  is  over  for  any  given  year.  On  August  21,  1912,  a  young 
specimen,  probably  of  P.  fiexiwsa,  was  found,  the  size  of  which  (3  mm.  in 
height)  was  such  that  it  would  have  been  overlooked  had  it  not  been  growing 
in  a  location  where  its  color  was  in  striking  contrast  to  the  background  of 
white  coral. 

To  apply  these  facts  to  the  observed  scarcity  of  yearling  specimens  in 
1 91 1,  which  was  a  general  occurrence  over  all  of  the  reefs  visited  in  the 
regions  about  Tortugas,  it  is  necessary  to  take  into  account  a  severe  hurri- 
cane which  occurred  on  October  16,  1910.  The  destruction  of  adult  gor- 
gonians  by  this  storm  is  known  to  have  been  very  severe  upon  certain 
reefs  and  the  amount  of  debris  moved  over  the  bottom  in  shallow  water 
was  very  great,  which  in  itself  would  account  for  the  destruction  of  the 
very  young  specimens  at  that  time.  In  July  191 1  there  would  be  no  easily 
recognizable  young  which  had  set  during  the  same  season,  and  only  very 
rarely  had  any  of  those  from  the  set  of  the  year  before  been  able  to  survive 
the  destructive  effects  of  the  hurricane.  In  August  1912,  on  the  other  hand, 
young  specimens  of  several  gorgonians,  besides  the  two  above  discussed, 
were  found  upon  every  considerable  reef  examined.  This  would  seem  to 
show  that  the  setting  of  a  considerable  number  of  young  was  the  usual 
occurrence.  That  the  number  of  young  found  during  the  past  season  on  the 
reefs,  which  had  been  carefully  examined  each  season  for  three  years,  may 
be  greater  than  would  ordinarily  be  found  might  be  inferred  from  the 
breeding  habits  of  some  other  sedentary  invertebrates,  especially  the 
MoUusca,  where  after  a  season,  when  for  any  cause  the  set  is  below  normal, 
an  especially  heavy  set  is  to  be  expected  the  following  year. 

ATTACHMENT  OF   PLANULiE. 

Vaughan's  observations  on  the  attachment  of  coral  planulse^  show  that 
for  effective  attachment  they  must  settle  in  a  place  protected  from  too  rapid 
currents  and  wave-action,  where  the  bottom  is  rough,  and  where  other  more 
rapidly  growing  organisms  are  least  likely  to  obtain  a  foothold. 

For  the  effective  attachment  of  the  planulse  of  the  gorgonians  studied 
the  roughness  of  the  bottom,  t.  «.,  the  presence  of  small  depressions  or 
cracks  into  which  the  planulae  could  settle,  appears  to  be  the  most  important 
factor.  In  every  instance  the  one-year  old  specimen  had  its  base  in  a 
depression.  Frequently  the  depth  of  the  point  of  attachment  below  the 
surface  of  the  rock  was  more  than  half  the  length  of  the  colony.  The  single 
(very  small)  specimen  found,  when  it  consisted  of  only  one  or  two  calyces, 
was  entirely  below  the  level  of  the  surface  of  the  coral  head  to  which  it  was 
attached.  Many  of  the  adult  colonies  have  their  point  of  attachment  at 
the  bottom  of  a  crack  of  considerable  depth,  so  that,  on  the  basis  of  the 
observed  growth  for  a  year,  they  must  have  remained  below  the  general 
level  of  the  bottom  until  more  than  one  year  old.  In  the  later  growth  of 
the  gorgonian  colony  its  non-polyp-bearing  basal  portion  spreads  beyond  the 

>  Caraegle  Institution  of  Wa*hin£ton  Year  Book  No.  lo.  pp.  151-152. 
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limits  of  the  crack  over  the  bottom,  so  that  its  apparent  height  is  not 
measured  from  its  original  point  of  attachment. 

On  the  shallow  reefs,  where  the  gorgonians  are  most  abundant,  the 
amount  of  algae,  bryozoons,  and  other  incrusting  organisms  appears  to  vary 
only  slightly  during  the  different  seasons  of  the  year.  In  no  observed 
instance  did  these  organisms  seem  to  form  a  mass  dense  enough  to  exclude 
a  sufficient  amount  of  water  for  the  well-being  of  the  young  gorgonian 
colony.  Frequently  the  fronds  of  algae  extend  beyond  the  free  ends  of  the 
gorgonian  colony,  but  the  specimens  found  in  such  locations  appear,  to 
judge  from  comparative  measurements,  to  have  suffered  no  harm  from  being 
so  closely  surrounded. 

In  comparison  with  the  young  coral  polyp  the  gorgonian  colony  has  an 
obvious  advantage  in  that  its  most  rapid  growth  is  perpendicular  to  the 
surface  of  the  substratum,  which  would  keep  the  most  rapidly  growing 
part  in  a  position  favorable  for  the  securing  of  food  and  oxygen. 

On  the  sea-bottom,  away  from  the  shallow  reefs,  gorgonians  are  gener- 
ally found  as  scattered  specimens  or  in  groups  of  at  most  only  a  few  indi- 
viduals. These  colonies  will  almost  invariably  be  found  to  be  attached  to 
some  irregular  mass  of  rock  which  affords  the  protecting  cavity  necessary 
for  the  permanent  attachment  of  the  young  gorgonian. 

DESTRUCTIVE  AGENTS. 

Of  the  destructive  agents  to  which  the  gorgonians  are  subjected  the 
wave-action  during  severe  storms  is  apparently  by  far  the  most  important. 
The  wave-action  developed  by  the  ordinary  northeast  trade-winds  during 
the  winter  months  is  of  sufficient  force  to  cause  the  destruction  of  many 
colonies  which  have  a  comparatively  weak  attachment.  The  tendency  for 
any  colony  to  be  torn  away  will  increase  from  year  to  year  as  its  surface 
area  becomes  increasingly  larger. 

An  opportunity  to  study  wave-action  at  its  maximum  severity  was 
afforded  the  writer  in  January  191 1,  and  later,  in  July  of  the  same  year, 
when  the  observations  made  during  the  first  visit  were  confirmed  and 
extended  to  a  much  greater  area.  The  hasty  observation  made  in  January 
shows  that,  as  the  result  of  the  hurricane  of  the  previous  October,  there  had 
been  a  great  destruction  of  gorgonians  on  the  reefs  about  Tortugas.  On  the 
east  shore  of  Loggerhead  Key,  the  only  one  visited  at  that  time,  many 
specimens  of  some  five  or  six  species  of  gorgonians  were  found  thrown  up  on 
the  beach  along  its  entire  length.  At  that  time  no  estimate  of  the  number 
cast  up  was  made  nor  was  the  area  visited  sufficient  to  give  conclusive 
evidence  of  the  proportion  of  colonies  carried  from  their  natural  location. 
In  July  191 1  the  observations  on  these  points  were  extended  to  cover  a 
large  area  of  shore-line  and  submerged  reef. 

At  one  point  on  the  inside  of  the  east  reef,  near  Bush  Key,  the  gorgonian 
skeletons  were  counted  over  a  strip  of  beach  112  yards  in  length,  where 
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there  was  a  windrow,  perhaps  a  yard  wide,  made  up  of  these  skeletons. 
The  number  of  skeletons  in  a  linear  yard  (it  was  practically  a  square  yard) 
averages  75.7  for  ten  counts  made  at  approximately  equal  distances  through 
the  above-mentioned  distance,  or  nearly  8,500  colonies  for  the  whole  area. 
This  area  showed  very  clearly  that  the  most  destructive  part  of  the  storm 
came  from  nearly  northeast.  On  the  outside  of  the  reef,  in  the  direction 
indicated  by  the  wash  of  the  storm,  only  two  living  colonies  of  gorgonians 
were  found  for  as  far  off-shore  as  the  water  was  sufficiently  shallow  to  allow 
one  to  wade  about  over  the  reef.  Gorgonians  were  growing  abundantly 
over  this  area  when  it  was  visited  in  1910,  so  the  destruction  had  been  almost 
complete.  That  the  great  number  of  the  colonies  found  in  the  windrow 
on  the  beach  had  come  from  this  shallow-water  area  was  shown  by  the 
fact  that  in  deeper  water  on  the  outer  portion  of  the  reef  there  was  little 
evidence  of  the  lessening  of  the  number  of  colonies  below  the  normal  number 
for  such  locations;  the  colonies  here  are  always  comparatively  scattered, 
never  forming  dense  "thickets,"  as  they  do  on  the  reefs  in  shallow  water. 
The  very  shallow  water  on  the  outside  of  the  reefs  contained  a  considerable 
number  of  skeletons  of  Gorgonia  flaheUum  and  Plexaura  fiexuosa,  which 
had  been  broken  off  from  their  supports  and  carried  away  from  their  original 
location  while  still  attached  to  a  good-sized  piece  of  coral  rock.  Apparently 
these  specimens  had  reached  their  present  location  at  a  time  when  the 
wave-action  had  become  insufficient  to  carry  them  over  the  crest  of  the  reef 
onto  the  beach  on  the  lagoon  side.  By  far  the  larger  number  of  specimens 
on  the  beach,  on  the  lagoon  side  of  the  reef,  were  still  attached  to  a  piece  of 
coral  rock,  usually  of  small  size.  In  almost  every  instance  the  skeleton 
shows  that  the  colony  was  complete  when  washed  on  shore.  Any  physical 
injury  undergone  had  not  been  to  the  extent  of  having  branches  broken  off 
or,  in  the  case  of  G.  flabellum,  having  suffered  any  tearing  of  the  blade-like 
portion  of  the  colony. 

On  the  east  side  of  Loggerhead  Key,  where  the  greatest  force  of  the  storm 
came  across  comparatively  shallow  water,  the  reef  just  mentioned  being 
about  3  miles  distant,  most  of  the  specimens,  when  examined  in  January 
191 1,  had  the  usual  spicule-bearing  tissues  present,  although  considerably 
macerated  in  many  instances.  None  of  these  colonies  showed  any  con- 
siderable amount  of  injury,  such  as  the  loss  of  branches  or  the  tearing  of  the 
living  tissue  from  the  skeleton. 

None  of  the  common  gorgonians  of  the  Tortugas  region  can  be  kept 
alive  for  any  considerable  time  after  they  have  been  broken  off  from  their 
natural  support  and  allowed  to  fall  over  into  a  horizontal  position.  When 
such  a  colony  is  put  into  a  live-car,  where  most  of  the  other  marine  inverte- 
brates and  practically  all  of  the  sedentary  Coelenterates  can  be  kept  alive 
for  an  indefinite  period,  it  will  be  only  two  or  three  dajrs  before  maceration 
sets  in.  It  seems  apparent,  therefore,  that  the  greatest  destruction  by 
storms  comes  from  the  tearing  of  the  gorgonian  colonies  from  their  natural 
supports  rather  than  from  any  laceration  of  the  tissues. 
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On  the  reef  where  the  measurements  previously  mentioned  were  made, 
a  considerable  number  of  colonies  were  carried  away  during  the  storm.  Of 
the  remaining  colonies,  many  were  found  in  January  191 1  which  had  suffered 
laceration  to  a  considerable  extent.  The  most  common  injury  observed 
was  a  destruction  of  the  living  tissues  of  the  colony,  such  as  would  result 
from  twisting  a  specimen  in  one's  hand  while  holding  it  firmly  by  each  end. 
The  loss  of  branches  in  the  branched  forms,  or  the  tearing  of  the  skeleton 
of  the  leaf-like  portion  of  G.  flabellum,  was  a  very  unusual  occurrence.  The 
injuries  caused  by  the  twisting  from  the  wave-action  were  quite  evenly 
distributed  among  the  different  species  growing  on  this  reef.  Such  injuries 
often  involve  as  much  as  half  the  total  surface-area  of  each  colony.  In  all 
large  colonies,  of  whatever  species,  the  injury  was  greatest  over  the  basal 
portion,  while  the  outer  end  or  branches  were  usually  uninjured.  At  the 
time  of  the  examination  in  January  191 1  there  had  been  comparatively 
little  ingrowth  of  new  tissue  over  the  denuded  areas,  so  that  the  extent  of 
the  injury  to  any  colony  could  be  readily  determined. 

When  the  same  specimens  were  re-examined  in  July  191 1,  in  at  least 
50  per  cent  of  the  specimens  noted  as  injured  at  the  time  of  the  earlier  obser- 
vations, the  reparation  had  been  so  complete  that  there  was  no  longer  any 
evidence  of  injury.  In  all  of  the  colonies  where  the  injury  consisted  in  the 
removal  of  living  tissue  from  about  the  base  of  the  skeleton,  there  was  yet 
an  area  where  the  skeleton  was  exposed.  In  all  cases  where  the  injury  was 
of  this  nature  there  was  no  evidence  of  any  growth  of  the  living  tissue 
down  over  the  naked  skeleton.  The  exposed  skeleton  was  usually  covered 
with  a  dense  growth  of  algae,  bryozoa,  or  hydroids,  so  that  there  seemed  to 
be  no  probability  that  it  would  again  be  covered  with  the  normal  tissues. 

The  examination  of  the  same  individuals  in  August  1912  showed  com- 
paratively little  change  since  the  previous  summer.  In  some  instances  the 
coenenchyma  had  grown  down  over  the  naked  skeleton  for  some  little  dis- 
tance, but  usually  the  basal  portions  of  the  skeleton  were,  just  as  at  the  last 
examination,  covered  with  algae,  incrusting  bryozoa,  etc. 

The  leaving  exposed  of  areas  of  the  skeleton  near  the  base  of  the  colony 
may  have  a  causal  relation  to  the  fact  that,  on  all  of  the  shallow  reefs, 
gorgonians  are  found  which  are  to  a  greater  or  less  extent  covered  by  an 
overgrowth  of  MUlepora  alcicornis.  In  most  cases  the  MiUepora  surrounds 
what  was  really  the  basal  portion  only  of  a  gorgonian  skeleton.  Not  at 
all  uncommonly,  however,  a  colony  of  MUlepora  is  found  which  covers  a 
skeleton  of  Gorgonia  flabellum^  in  which  the  mesh-work  of  the  skeleton  of 
the  "leaf"  could  be  made  out  in  all  its  details.  Frequently  the  relation 
between  the  height  and  width  of  the  colony,  as  well  as  the  characters  of  its 
outline,  showed  that  the  Gorgonia  had  not  suffered  any  disintegration  before 
being  covered  by  the  MUlepora,  As  in  a  small  number  of  instances  the 
MiUepora  was  observed  growing  up  about  the  naked  skeleton  at  the  base 
of  the  Gorgonia  colony,  and  as  the  complete  naked  skeleton  of  such  a  colony 
is  very  rarely  found  in  its  natural  attachment  on  the  reef,  it  seems  almost 
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certain  that  the  Millepora  must  have,  on  account  of  its  more  rapid  growth, 
covered  over  and  destroyed  the  living  tissue  of  the  colony. 

A  skeleton  thus  incrusted  with  MiUepora,  which  was  complete  in  struc- 
tural detail  in  July  191 1,  had  by  August  1912  been  reduced  to  about  one- 
third  of  its  original  height.  Nothing  of  the  Gorgonia  skeleton  beyond  the 
stouter  branches  remained .  The  whole  of  the ' '  leaf ' '  had  been  broken  down , 
presumably  by  the  weight  of  the  incrusting  Millepora, 

The  previously  mentioned  hurricane  was,  as  had  been  pointed  out  in 
dealing  with  the  growth-records,  sufficiently  prolonged  to  destroy  almost 
every  young  gorgonian  which  had  become  attached  during  the  breeding- 
season  of  that  year.  No  evidence  could  be  secured  to  determine  whether 
the  destruction  took  place  by  an  actual  washing  of  the  colonies  from  their 
attachment  or  by  the  shifting  of  the  easily  movable  material — ^algse,  sedi- 
ment, shells,  and  even  quite  large  fragments  of  coral  rock — ^which  by  filling 
up  all  cracks  in  the  surface  of  the  reef  would  have  been  sufficient  to  smother 
the  small  individuals. 

Gorgonians  growing  upon  the  shallow  reefs  are,  with  more  or  less  regu- 
larity, subjected  to  exposure  to  the  air.  In  summer  the  uncommonly  low 
spring-tides  (when  the  low  full-moon  tide  comes  in  the  late  afternoon)  most 
frequently  come  on  calm  days,  when  the  exposure  is  most  destructive.  On 
June  6  and  8,  1910,  and  again  on  July  23, 191 1,  all  of  the  shallow  reefs  were 
exposed  for  a  space  of  time  sufficient  to  destroy  the  superficial  tissues  of  most 
corals  and  gorgonians  which  grew  on  the  highest  part  of  the  reefs.  While 
all  of  the  species  of  gorgonians  studied  suffered  to  a  greater  or  less  extent, 
the  injuries  were  most  severe  in  the  case  of  G.  flabellum  and  G.  acerosa. 
Frequently  there  resulted  the  death  of  the  distal  half  of  the  colony  which, 
within  a  few  days  after  its  exposure  to  the  air,  would  slough  off  from  the 
uninjured  proximal  part.  Plexaura  and  Eunecia  were  much  less  frequently 
injured,  the  latter  in  only  two  observed  instances,  and  then  only  after  pro- 
longed exposure.  The  ability  of  the  two  last-mentioned  forms  to  withstand 
the  exposure  is  at  least  correlated  with,  if  not  dependent  upon,  the  thickness 
and  toughness  of  the  coenenchyma  into  which  the  polyps  may  be  retracted 
when  the  colony  is  exposed. 

In  all  observed  instances  of  injury  from  exposure  to  the  air  the  uninjured 
portions  of  the  colony  showed  no  ill  effects  from  the  injury  of  the  distal 
portion  and  their  growth  was  at  least  as  rapid  as  in  an  uninjured  specimen. 

REGENERATION  EXPERIMENTS. 

The  injuries  occurring  in  nature  are  so  variable  and  are  besides  so  entirely 
uncontrollable  that  a  series  of  experiments  was  undertaken  in  order  to  secure 
more  definite  data  concerning  the  capacity  for  regeneration  in  these  animals. 
All  of  the  experiments  here  described  were  extensive  in  nature,  usually 
involving  skeleton  and  coenenchyma  as  well  as  the  polyps.  In  short,  they 
were  made  to  simulate  the  injuries  to  which  the  gorgonians  are  subjected 
under  natural  conditions  on  the  reefs. 
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Table  4  shows  the  nature  and  extent  of  the  operations  performed  upon 
the  gorgonians  used  in  the  regeneration  experiments  and  the  extent  of 
recovery  at  different  times  after  the  operations. 

Table  4. 


•pedmen  No«. 

Operation  June  191 1. 

Recovery. 

January  191  x. 

July  X9IX. 

August   X9I2. 

G.  flabdlam: 
No.  I.... 

No.  2.... 

No.  3.... 

No.  4.... 

P.  flezuoia: 
No.  I.... 

No.  2.... 
G.  acero«a. . . 

One-half  cut  from  each 

leaf  OongitudinaUy). 
SpUt  lengthwise  into  5 

pieces. 
Circular  pieces    cut 

from  leaf. 
Cut  back  one-half  (6 

in.  remaining). 

Side  branches  cut  off. 

on  one  side,  exposing 
the  skeleton. 

Cut  beck  from  x  i  inch- 
es to  6  inches. 

One  side  of  all  branch- 
es   trimmed    and 
slabbed. 

Healed,  no  regenera- 
tion. 
Edges  healed 

Edges  healed 

Healed    over;    had 
grown  to  7.S  inches. 

Had   healed  over  the 
cut    places;     new 
polyps  appearing  hi 
the  scar-tissue. 

Ends  of  branches 
healed  over.  Now 
7.25  in.  high. 

No  new  branches. 
Scar-tissue  covers  all 
wounds.  No  polyps 
on  scar-tissue  of 
larger  branches. 

No  lateral  growth 

growth. 
0.25  inch  in  growth. . . 

9.5  inches  long,  distal 
end  of  leaf  rounded. 

Polyps  now  cover  all 
stripped  areas.  New 
branches  (8)  have 
come  in  on  stumps 
of  cut  branches. 

Now  lotocheshigh... 

Polyps  have  appeared 
in  scar-tissue  on  all 
smaller  branches  but 
not  on  any  of   the 
larger  branches. 

No  change. 

0.5    inch     lateral 

growth. 
Spaces  nearly  filled 

with  new  tissue. 
X2.25  inches  long. 

No  change. 

13  inches  high. 
No  change. 

Pieces  of  the  regenerating  branches  of  G.  acerosa  were  preserved  when 
the  reefs  were  visited  in  January  191 1  and  sections  of  this  material  cut  and 
studied.  In  this  species  there  is  always  found  a  complete  layer  of  coenen- 
chyma  over  a  denuded  area  which  remains  free  from  polyps  for  some  time. 
The  entodermal  canals  keep  pace  with  the  formation  of  the  other  tissues,  but 
it  is  only  after  a  considerable  time  that  the  bud-like  swellings  of  the  canal, 
which  mark  the  points  of  origin  of  new  polyps,  make  their  appearance. 
They  always  follow  the  same  sequence  as  that  shown  in  the  formation  of  new 
tissue  over  a  denuded  area,  appearing  first  at  the  periphery  of  the  wound 
nearest  to  the  uninjured  polyps.  The  formation  of  new  skeletal  tissue  at 
the  cut  ends  of  the  branches  takes  place  very  slowly  at  first.  After  the  new 
rod  of  skeletal  tissue  has  reached  a  diameter  equal  to  that  of  the  older 
portion  the  elongation  of  the  branch  takes  place  rapidly.  If  the  living 
tissue  be  removed  from  about  the  base  of  the  colony,  there  is,  so  far  as  my 
observations  go,  little  down-growth  of  the  tissues  from  the  cut  surface  over 
the  naked  skeleton. 


Digitized  by 


Google 


EXPLANATION  OF  PLATES. 

Th»  A\Am  tj%  imh\t*h  th»  ap^riiiwM  phftfr/^grapiwiri  ^r^  ^tttK'V^  gyf  ft  fnrhtf  111  i1taT!*ftf^  While  the  fediicUoa 
is  not  enct  in  every  inttanoe.  the  diameter  of  mott  cl  the  didct  in  the  reprodnctloai  li  about  s  Indiet,  maUng 
•the  spedmena  approximately  o.as  natiuml  dse. 

Plate  i. 

z.  Tile  I.  A,  PUxaura  flexuosa;  B,  Gorgonia  flabeUum;  C,  Bunecia  sp.    Photographed 

August  191 1, 

a.  Tile  i.  Specimens  same  as  above.    Photographed  August  1912. 

3.  Tile  2.  A  and  B,  two  specimens  of  Plexaura  Hexuosa.    Photographed  August  191  !• 

4*  Tile  2.  Same  as  in  figure  3.    Photographed  August  1912. 

5.  Tile  3.  A,  Eunecia  sp.;  B,  Gorgonia  flabeUum,    Photographed  August  191 1. 

o.  Tile  3.  Same.    Photographed  August  1912. 

Platb  2. 

7.  Tile  8.    A,  Eunecia  sp.;  B,  Pkxaura  flexuosa;  C,  Eunecia  sp.    Photographed  August 

191 1. 

8.  THe  8.    Specimens  as  in  figure  i.    Photographed  August  1912. 

9.  Tile  7.    A,  Plexaura  flexuosa;  B,  Eunecia  sp.;  C,  Gorgonia  flabeUum.    Photographed 

August  1912.    See  figiu-e  13. 

10.  Tile  15.    A,  Eunecia  sp.;  one  year  old,  B,  Gorgonia  flabeUum,  one  year  old.    Photo- 

graphed August  1912. 

11.  Specimen  of  Plexaura  flexuosa,  one  year  old;  0.5  natural  size.    Photographed  August 

1912. 
ja.  Tile  16.    One-year  old  specimens  of  Plexaura  flexuosa.    Photographed  August  1912. 

13.  Tile  7.      Specmiens  as  in  figure  9.    Photographed  August  i^ii. 

14.  Tile  18.    A,  One-year  old  specimen,  and  B,  a  two-year  old  apeameh  of  G0r£an«ayl0M^tMi. 

Photographed  August  1912. 
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GROWTH-CHANGES  IN  BRITTLE-STARS. 


By  Hubert  Lyman  Clark. 


INTRODUCTION. 


Although  the  systematic  work  of  Ljungman,  Liitken,  Lyman,  and 
Koehler,  which  has  brought  to  light  hundreds  of  species  of  brittle-stars,  has 
been  of  a  very  high  quality,  the  real  interrelationships  of  the  genera  and 
families  within  the  group  are  still  virtually  unknown.  Indeed  the  defini- 
tions of  most  of  the  families  and  of  many  of  the  genera  are  so  hazy  as  to  be 
exasperating,  and  the  more  one  studies  the  system  at  present  in  use  the  more 
assured  one  becomes  that  it  is  artificial  and  unnatural.  The  first  step 
towards  a  rational  classification  was  that  taken  by  Bell  (1892),  when  he 
divided  Recent  ophiurans  into  three  orders,  based  on  the  character  of  the 
arm-vertebrae.  Unfortunately  his  subdivision  of  these  orders  is  not  so 
satisfactory,  yet  no  one  has  attempted  any  essential  improvement  on  it. 
Whether  the  orders  proposed  by  Bell  represent  natural  groups  which  have  a 
definite  place  in  the  phylogenetic  history  of  the  brittle-stars  has  not  yet 
been  critically  determined;  we  can  only  say  that  they  seem  to  be  such. 

Although  the  chief  reason  why  our  classification  of  the  brittle-stars  is 
so  unsatisfactory  is  undoubtedly  because  no  sustained  attention  has  been 
given  to  the  problems  involved,  there  are  subsidiary  reasons  which  should 
not  be  overlooked.  One  of  these  is  that  the  class  shows  a  rather  remarkable 
morphological  homogeneity  so  that  the  differential  characters  which  un- 
doubtedly exist  are  very  considerably  overshadowed  by  the  extraordinary 
development  of  species  in  the  group,  and  as  a  consequence  the  systematic 
work  hitherto  done  has  been  almost  exclusively  concerned  with  the  descrip- 
tion of  new  forms. 

A  second  reason  why  so  little  progress  has  been  made  towards  the 
natural  classification  of  the  group  is  because  the  development  of  so  few 
species  is  known  and  in  nearly  all  the  known  cases  attention  has  been 
centered  on  the  larval  structures  or  on  the  metamorphosis.  Until  very 
recently  the  wealth  of  important  data  to  be  found  in  post-larval  stages  has 
been  almost  wholly  overlooked,  largely,  no  doubt,  because  suitable  material 
is  not  easily  obtained.  But  Ludwig  (1899)  2tnd,  more  recently,  Mortensen 
(1912)  have  made  notable  contributions  to  our  knowledge  of  these  most 
interesting  stages. 

A  third  reason  why  our  progress  has  been  so  slow  is  the  comparatively 
small  amount  of  paleontological  evidence  available,  together  with  the 
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tendency  of  zoologists  to  ignore  such  evidence  as  there  is.    Recent  work  by 
the  Sollases  (1912)  is  an  encouraging  step  along  the  right  lines. 

Finally,  no  attention  whatever  has  been  paid  to  localized  stages,  the 
importance  of  which,  in  both  plants  and  animab,  was  pointed  out  by 
Jackson  (1899)  some  years  ago.  They  are  remarkably  wdl  shown  in  the 
ophiuran  arm,  and  the  attempt  is  made  in  the  present  paper  to  point  out 
some  of  them;  the  chief  difficulty  is  our  lack  of  knowledge,  save  in  a  very 
few  species,  of  the  ontogenetic  stages  with  which  to  compare  them. 

Brittle-stars  are  conspicuously  common  on  the  reefs  and  shores  of 
Jamaica,  and  when  I  was  invited  to  make  use  of  the  marine  laboratory  of 
the  Carnegie  Institution  of  Washington,  located,  during  February  and 
March  1912,  at  Mont^o  Bay,  Jamaica,  I  very  gladly  availed  myself  of 
the  opportunity,  determined  to  secure,  if  possible,  material  which  would 
throw  light  on  the  post-larval  development  of  some  brittle-star. 

I  wish  to  express  here  my  thanks  to  the  authorities  of  the  Museum  of 
Comparative  Zodlogy  for  the  necessary  leave  of  absence  from  my  duties 
there. 

Material  was  easily  secured  at  Mont^o  Bay  and  young  stages  were 
obtained  of  three  different  brittle-stars.  The  purpose  of  the  present  paper 
is  to  report  the  results  of  my  studies  on  these  three  species,  to  sum  up  our 
present  knowledge  of  the  post-larval  development  of  brittle-stars,  and  to 
suggest  a  few  conclusions  that  may  be  drawn  from  this  knowledge  which 
will  be  of  service  in  future  work. 

MATERIAL 

Although  species  of  Ophioderma  and  of  Ophiocoma  are  the  most  common 
brittle-stars  at  Montego  Bay,  no  really  youthful  stages  of  species  of  these 
genera  were  found.  As  Ophiocoma  is  known  to  breed  in  the  early  sunmier, 
and  Ophioderma  is  also  a  summer  breeder,  at  least  farther  north,  it  is  quite 
probable  that  the  season  of  the  year  was  the  reason  why  the  young  of  these 
genera  were  not  found.  This  was  to  be  regretted,  since  these  genera  repre- 
sent widely  different  families  and  in  neither  is  there  any  species  whose 
development  is  known  beyond  the  metamorphosis.  Grave  (1900)  has 
worked  out  the  early  development  of  Ophioderma  breoispina  from  material 
collected  near  Woods  Hole,  Massachusetts,  and  has  published  a  preliminary 
account  (1898)  of  the  early  stages  in  Ophiocoma  echinata.  In  neither  case^ 
however,  were  post-larval  stages  available,  and  I  had  therefore  hoped  it 
might  be  possible  to  supplement  Grave's  work  from  material  obtained  at 
Montego  Bay.  Although  disappointed  in  this  respect,  I  had  the  good 
fortune  to  find  that  in  the  seaweed  and  fixed  animal  life  (sponges,  hydn^ds^ 
asddians,  etc.)  which  form  great  masses  on  the  mangrove  roots,  at  the 
Bogue  Islands,  west  of  Montego  Bay,  brittle-stars  literally  swarmed.  Of 
these  the  commonest  was  Ophiactis  savignyi  (Milller  and  Troschel),  which 
was  exceedingly  abundant  in  the  cavities  of  a  red  sponge,  individuals  of 
all  sizes,  from  young  with  disk  barely  a  millimeter  across  up  to  adults 
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whose  disk  exceeded  5  mm.,  occurring  by  the  hundred.  In  the  same  sponge 
there  also  lived,  although  not  in  anything  like  the  same  abundance,  the 
widely  distributed  and  well-known  AmphiphoUs  sguamata  (Delle  Chiaje), 
whose  early  development  and  metamorphosis  have  been  studied  by  both 
Fewkes  (1887)  and  Ludwig  (1881).  I  secured  a  good  series  of  this  species 
and,  owing  to  its  viviparous  habit,  was  able  to  get  some  very  young  material. 
The  third  species  of  brittle-star  of  which  I  secured  young  also  inhabited 
this  red  sponge  and  the  adults  and  half-grown  specimens  were  very  abun- 
dant. It  is  Ophiothrix  angulata  (Say),  a  well-known  West  Indian  species 
of  a  cosmopolitan  genus,  particularly  interesting  because  it  is  the  type  genus 
of  one  of  the  very  few  well-characterized  families  of  brittle-stars.  Appar- 
ently Ophiothrix  was  not  breeding,  as  Ophia^tis  and  Amphipholis  appeared 
to  be,  and  the  young  were  very  scarce.  But  enough  were  obtained  to  throw 
considerable  light  on  the  post-larval  development  of  the  species. 

METHODS- 

When  the  abundance  of  Ophiactis  in  the  red  sponge  was  discovered,  it 
was  hoped  that  they  could  be  kept  in  aquaria  and  studied  as  living  material, 
but  this  proved  to  be  impracticable.  If  they  were  removed  from  the 
sponge  and  put  in  clean  water  by  themselves,  they  soon  became  sluggish 
and  died  in  a  comparatively  short  time;  few  lived  more  than  24  hours.  On 
the  other  hand,  if  pieces  of  the  sponge  were  placed  in  aquaria,  the  water 
became  foul  with  astonishing  rapidity  and  the  death  of  all  animals  speedily 
ensued.  The  observations  made  on  the  brittle-stars  in  life  were  therefore 
of  little  importance.  Material  was  preserved  for  further  study  by  the  very 
simple  method  of  killing  with  alcohol,  or  with  formalin  in  which  corrosive- 
sublimate  was  dissolved,  after  the  animals  had  been  narcotized  with  mag- 
nesium sulphate  (Mayer's  method).  The  best  material  proved  to  be  that 
which  had  been  killed  and  preserved  in  alcohol.  As  the  calcareous  plates 
were  the  parts  particularly  desired  for  study,  of  course  any  acid  reagent 
was  out  of  the  question.  Work  on  the  preserved  material  has  been  greatly 
facilitated  by  the  use  of  sodium  hypochlorite.  This  alkaline  reagent  is  so 
powerful  a  solvent  of  organic  matter  that  when  used  in  full  strength  it  will 
reduce  a  small  brittle-star  to  a  heap  of  calcareous  particles  in  a  few  minutes. 
But  as  it  may  be  diluted  with  water  and  mixes  readily  with  glycerine 
without  affecting  the  "clearing"  properties  of  the  latter,  it  can  be  perfectly 
controlled,  and  the  solution  of  the  organic  matter  and  the  separation  of  the 
calcareous  plates  can  thus  be  accomplished  as  rapidly  or  as  slowly  as  one 
wishes.  Usually  glycerine  served  as  a  clearing  agent,  but  occasionally 
better  results  were  obtained  from  the  use  of  xylol.  The  latter,  however, 
will  not  mix  with  the  hypochlorite. 

Attention  has  been  centered  on  the  skeleton,  since  it  is  well-known  that 
in  all  echinoderms,  except  holothurians,  modifications  of  the  skeleton  almost 
always  accompany  changes  in  any  of  the  soft  parts.    This  is  particularly 
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true  apparently  of  ophiurans,  the  only  soft  parts  which  show  any  evident 
modification  without  corresponding  skeletal  changes  being  the  podia  (tube- 
feet),  and  even  they  show  relatively  little  diversity. 

The  investigations  have  been  strictly  confined  to  growth-changes,  as 
indicative  of  relationships  within  the  class.  I  have  intentionally  avoided, 
on  the  one  hand,  any  discussion  of  histological  changes,  partly  because  this 
was  aside  from  the  ends  in  view  and  partly  because  such  changes  have  been 
so  ably  and  fully  described  for  Ophiactis  by  Simroth  (1876).  On  the  other 
hand,  I  have  not  entered  into  any  discussion  of  the  homologies  of  the 
skeleton  in  ophiurans  as  compared  with  starfishes,  nor  of  the  homologies 
of  the  jaws,  as  compared  with  the  arms,  since  Ludwig's  (1878,  1879,  1880, 
1 881)  work  has  rendered  any  such  contribution  on  my  part  quite  super- 
fluous. Suffice  it  to  say  that  in  all  of  my  work  I  have  had  the  homologies 
suggested  by  our  Nestor  of  echinoderm  morphology  constantly  in  mind, 
and  I  have  seen  nothing  whatever  to  cast  any  doubt  upon  his  interpretations 
of  ophiuran  structure,  with  the  possible  exception  of  the  homology  of  the 
peristomal  plates.  On  this  question  I  do  not  care  at  present  to  express  an 
opinion. 

RESULTS. 

The  facts  which  I  have  been  able  to  ascertain  will  undoubtedly  be  more 
plainly  set  forth  if  each  of  the  three  species  is  treated  by  itself.  Ophiactis 
and  Amphipholis  are  unfortunately  rather  closely  related  to  each  other, 
the  morphological  differences  between  them  being  of  little  importance. 
Ophiothrix,  on  the  contrary,  is  quite  different  and  shows  some  interesting 
peculiarities.  As  Ophiactis  seems  to  be  undoubtedly  less  specialized  than 
AmphiphoUs,  it  may  well  be  the  first  genus  discussed. 

Ophiactis  savignyi  (Mailer  and  Troschel). 

The  large  number  of  localities  from  which  this  species  has  been  recorded, 
led  me  to  give  special  attention  to  the  identification  of  the  specimens 
from  Montego  Bay.  I  have  compared  them  with  specimens,  most  of  them 
identified  by  Lyman,  from  Zanzibar,  Mauritius,  Singapore,  the  Philippine 
Islands,  the  Pelew  Islands,  Fiji,  Hawaii,  Lower  California,  Panama,  Florida, 
the  Bahamas,  the  Bermudas,  and  Brazil.  Absolutely  indistinguishable 
in  every  essential  particular,  these  numerous  specimens  prove  that  this 
species  is  truly  tropicopolitan.  It  is  one  of  the  small  species  of  the  genus, 
the  disk-diameter  of  adults  being  usually  about  5  mm.  and  very  rarely 
exceeding  7  mm.  There  are  usually  6  arms,  but  about  one  specimen  in 
ten  is  perfectly  pentamerous.  In  some  lots  the  proportion  of  pentamerous 
specimens  runs  considerably  higher  than  this,  while  in  others  the  hexam- 
erous  symmetry  is  almost  unvaried.  I  have  failed  to  find  any  correlation 
between  the  pentamerous  symmetry  and  any  other  character  of  the  indi- 
vidual, nor  is  it  any  more  frequent  in  adult  specimens  than  in  the  young. 
In  addition  to  its  hexamerous  symmetry  and  small  size,  savignyi  is  char- 
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acterized  by  its  color  (above  green,  more  or  less  variegated  with  whitish 
or  yellowish;  below  whitish  or  yellowish),  its  rather  short  arms  (5  to  6  times 
the  disk-diameter),  long  and  large  radial  shields,  spinelets  on  disk  especially 
around  the  margin,  5  or  6  arm-spines,  and  2  (sometimes  i  or  3)  oral  papillae. 
The  genital  slits  are  well-developed  and  bursae  seem  to  be  present,  so  that 
in  these  particulars  as  well  as  in  the  presence  of  conspicuous  radial  shields, 
savignyi  is  easily  distinguished  from  the  European  Ophiactis  virens.  Like 
virens,  however,  savignyi  is  characterized  by  the  remarkable  extent  to  which 
schizogony  is  carried  as  a  means  of  reproduction.  The  process  is  apparently 
identical  in  the  two  species  and  has  been  very  fully  described  by  Simroth 
(1876),  whose  observations  were  based  on  the  European  form.  The  process 
seems  to  begin,  in  savignyi  at  least,  almost  as  soon  as  the  adult  form  is 
assumed,  for  the  youngest  specimen  found  has  already  divided  at  least  once 
(pi.  I,  fig.  2). 

No  evidence  was  secured  on  the  important  points  of  egg-laying  and 
larval  form  in  Ophia^^tis.  None  of  the  adults  contained  either  embryos  or 
eggs  large  enough  to  be  visible  under  a  lens.  The  impression  gained  from 
the  examination  of  the  living  material  was  that  the  eggs  are  laid  and  fertili- 
zation and  development  take  place  outside  the  body  of  the  mother.  There 
was  no  indication  whatever  that  the  species  is  viviparous.  It  was  not 
possible  to  decide  whether  egg-laying  was  completed  for  the  season  by 
March  first,  but  the  appearance  of  the  adults  and  the  great  scarcity  of  very 
young  specimens  led  me  to  the  opinion  that  breeding  was  over. 

My  observations  confirm  Simroth  in  his  statements  that  there  is  no  special 
plane  of  division  in  schizogony,  and  that  the  process  shows  more  or  less  indi- 
vidual diversity.  Thus  in  fifteen  young  specimens  selected  at  random,  show- 
ing evidence  that  division  had  recently  occurred,  fourteen  had  3  arms,  the 
other  only  2 ;  the  latter  had  3  jaws  and  3  oral  shields,  however.  Of  the  four- 
teen 3-armed  specimens  three  have  4  jaws  and  four  have  only  2.  The  plane 
of  division,  which  passes  through  two  opposite  interradii,  does  not  then  divide 
a  jaw,  but  passes  sometimes  on  one  side  and  sometimes  on  the  other.  Only 
about  half  the  time  does  it  divide  the  animal  into  perfectly  complemental 
halves.  The  process  of  healing  and  the  simultaneous  rapid  growth  of  the 
water-vascular  system  have  been  well  described  by  Simroth.  Almost,  if 
not  actually,  before  the  circular  canal  is  completely  healed  buds  which  will 
give  rise  to  new  radial  canals  have  pushed  out,  one  at  each  side  of  the 
healing  margin  of  the  now  semi-circular  disk,  and  before  there  is  any 
external  evidence  of  the  new  half-disk  the  buds  of  two  new  arms,  one  at 
each  side,  become  visible.  Before  their  growth  has  proceeded  very  far, 
however,  a  third  arm  appears  between  them,  associated  with  the  third 
outgrowth  of  the  now  completely  healed  circular  canal.  The  failure  of  this 
third  radial  canal  to  start  development  probably  accounts  for  some  of  the 
5-armed  individuals  met  with,  but  as  the  plane  of  division  occasionally 
leaves  4  arms  on  one  disk-half  and  only  2  on  the  other,  it  is  evident  that 
these  2-armed  halves  will  form  5-armed  adults  even  with  a  normal  develop- 
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ment  of  3  new  radial  canals.  As  no  4-armed  or  7-armed  specimens  were 
seen  (excepting  of  course  the  4-armed  complements  of  2-armed  individuab), 
it  would  seem  to  be  true  that  the  presence  of  4  arms  on  a  regenerating  half 
always  prevents  the  growth  of  the  third  new  radial  canal,  while  the  presence 
of  only  2  arms  always  prevents  the  suppression  of  the  third  new  arm. 
In  very  young  regenerating  individuals,  the  difference  in  size  between  the 
third  new  arm  and  its  two  fellows  is  usually  quite  marked  (pi.  i,  fig.  i). 

As  Simroth,  Fewkes,  and  Ludwig  have  all  pointed  out,  the  development 
of  the  skeletal  pieces  of  the  new  arms  takes  place  rapidly  at  the  tip  of  the 
growing  radial  canal,  forming  a  covering  about  it  and,  as  it  gives  rise  to 
pairs  of  podia,  forming  the  vertebrae  and  arm-plates  of  successive  joints. 
In  Ophia^tis  the  podia  are  not  peculiar  in  any  way,  but  are  simple,  slightly 
tapering,  blunt  tubes  with  thin,  smooth  walls.  We  may  therefore  turn 
our  attention  to  the  skeletal  plates. 

DISK-COVERING. 

In  the  youngest  specimen  found  the  disk  measured  a  millimeter  across, 
but  it  was  only  semi-drcular,  since  division  had  already  occurred  at  least 
once  (pi.  I,  fig.  2).  That  not  more  than  one  division  had  occurred  is  indi- 
cated by  the  arrangement  of  the  plates  on  the  disk.  The  older  half  of  the 
animal  is  easily  distinguished  from  the  new  one  developing,  the  size  of  the 
plates  in  the  two  areas  contrasting  sharply.  The  older  half  is  covered  by 
3  pairs  of  radial  shields,  a  central  plate,  3  radial  plates,  and  6  interradials. 
On  the  developing  half-disk  it  is  less  easy  to  identify  the  plates,  but  there 
seem  to  be  3  pairs  of  radial  shields,  separated  from  each  other  by  interradial 
plates.  The  arrangement  of  the  plates  on  the  older  half  corresponds  well 
with  that  which  Ludwig  (1899)  figures  for  specimens  of  Ophiactis  asperula 
with  the  disk  only  0.68  to  0.87  mm.  across.  The  only  difference  is  in  the 
relative  sizes  of  the  different  plates;  in  asperula  the  central  and  radial 
plates  are  conspicuously  bigger  than  the  radial  shields,  but  in  savignyi  this 
is  not  so. 

There  seems  no  reason  for  doubting  that  in  its  earliest  stages  the  disk- 
covering  of  savignyi  is  identical  with  that  of  asperula,  and  Ludwig  (1899) 
has  shown  that  the  same  is  true  of  Ophiactis  kroyeri.  In  savignyi,  however » 
the  occurrence  of  schizogonous  reproduction  in  very  early  life  interferes  with 
the  orderly  and  uniform  development  of  the  disk-covering,  shown  by 
asperula  and  kroyeri,  so  that  after  division  has  occurred  twice  it  is  difficulty 
if  not  impossible,  to  distinguish  the  primary  plates.  This  is  well  shown  by 
figure  I  of  plate  i,  which  represents  a  specimen  with  a  disk  rather  more 
than  I  mm.  in  diameter.  Division  has  apparently  occurred  twice  and  it 
will  be  seen  how  irregular  is  the  resulting  disk-covering.  The  irregularity 
seems  to  be  due  to  the  fact  that  whereas,  in  asperula  and  krdyeri,  the  new 
plates  are  formed  near  the  distal  margins  of  the  radial  and  interradial 
plates,  in  the  regenerating  savignyi  they  seem  to  be  formed  at  the  proximal 
edge  of  marginal  plates.     In  other  words,  the  typical  disk-covering  develops 
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centrifugally,  while  the  covering  of  the  regenerated  disk  arises  centripetally. 
As  division  appears  to  take  place  repeatedly,  by  the  time  savignyi  is  full 
grown  there  is  not  the  least  trace  of  the  original  primary  plates  nor  of  any 
very  definite  arrangement  in  the  numerous  small  plates  covering  the  center 
of  the  disk.  The  radial  shields  are  always  conspicuous  and  cover  a  large 
proportion  of  the  disk.  Soon  after  the  disk  is  a  millimeter  across,  spinelets 
arise  in  connection  with  the  marginal  disk-plates.  These  spinelets  are  not 
outgrowths  of  the  plates,  but  arise  from  separate  centers  of  calcification  in 
the  tissue  covering  their  outer  surface.  Not  often  is  more  than  one  associ- 
ated with  a  single  plate,  and  many  plates,  especially  near  the  center  of  the 
disk,  have  no  spinelets.  When  fully  formed  the  spinelets  are  attached  to 
the  underlying  plates,  but  no  actual  union  takes  place  and  the  spinelets  are 
alwa3rs  movable  to  some  extent.  The  number  of  these  spinelets  varies  in 
different  individuals,  but  they  seem  to  be  relatively  most  numerous  in  young 
specimens.  Adult,  dry  specimens  conmionly  show  them  plainly,  but  they 
are  often  difficult  to  detect  in  fresh  or  alcoholic  adults. 

MOUTH-PARTS. 

As  has  been  stated  above,  the  plane  of  division  in  schizogony  does  not 
cut  through  the  jaw,  but  passes  to  one  side,  so  that  the  resulting  animals 
may  have  either  2,  3,  or  4  jaws.  The  formation  of  new  jaws  takes  place 
rapidly,  but  follows  of  course  the  formation  of  the  new  rays.  Consequently 
the  same  factors  which  control  the  new-ray  formation  govern  the  develop- 
ment of  new  jaws.  In  case  there  are,  after  fission,  only  2  jaws  on  one  result- 
ing half  (pi.  I,  fig.  3),  the  outer  side  of  each  of  the  lateral  rays  must  assist 
in  the  formation  of  new  jaws,  while  in  case  there  are  4  jaws  each  of  the 
new-formed  lateral  rays  will  give  rise  to  jaw-elements  only  on  that  side 
which  is  next  the  youngest  ray.  The  formation  of  the  jaws  takes  place  as 
already  described  by  Ludwig  (1881)  for  Amphipholis  and  I  have  nothing  of 
importance  to  add  to  his  account.  Ludwig  has  not  discussed,  however,  the 
formation  of  teeth  and  oral  papillae,  nor  did  Fewkes  (1887)  pay  any  special 
attention  to  these  points.  I  found  it  possible  to  trace  the  development  of 
teeth  and  oral  papillae  in  both  Ophiactis  and  Amphipholis ^  but  as  my  material 
was  more  satisfactory  in  the  latter  genus,  the  account  may  for  the  present 
be  deferred.  I  need  only  say  here  that  there  is  no  difference  between  the 
two  genera  save  in  the  number  and  form  of  the  teeth  and  papillae.  As  is 
well  known,  the  torus  (the  plate  which  bears  the  teeth)  forms  at  the  tip 
of  the  jaw  where  the  two  jaw-plates  (adambulacrals)  meet.  It  is  at  first 
about  as  wide  as  high,  but  grows  rapidly  vertically  and  soon  is  twice  as 
high  as  wide  or  even  more.  As  will  be  shown  under  Amphipholis^  the  oldest 
tooth  is  at  the  top  of  the  torus,  the  new  ones  forming  below  it.  As  soon  as 
a  tooth  is  well  formed,  the  part  of  the  torus  against  which  it  rests  is  resorbed 
and  thus  a  socket  is  formed  for  it.  The  process  of  resorption  goes  so  far 
that  the  torus  becomes  perforated  (pi.  i,  fig.  5).  On  an  adult  jaw  of 
Ophiactis  savignyi  there  are  5  or  6  teeth  of  approximately  uniform  size  (pi.  i 
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fig-  4)»  but  on  a  growing  jaw  the  youngest  tooth,  the  lowest,  is  distinctly  the 
smallest. 

ARM-BONES  OR  VERTEBRA. 

Although  Simroth  (1876)  has  figured  the  vertebrae  of  Ophia^tis  virens^ 
it  has  seemed  desirable  to  give  a  series  of  illustrations  of  the  vertebrae  in 
savignyif  not  merely  because  they  are  obviously  different  from  those  of 
virens,  as  shown  by  Simroth,  but  because  the  series  in  each  arm,  taken  as  a 
whole,  reveals  stages  in  development  which  are  of  particular  interest.  As 
the  origin  amd  growth  of  the  vertebrae  are  in  all  essentials  exactly  as  Ludwig 
and  Fewkes  have  described  in  AmphiphoUs,  there  is  no  occasion  to  go  into 
great  detail  here.  The  growing  tip  of  the  radial  water-tube  is  protected  by 
a  cylindrical  plate  or,  better,  a  calcareous  cylinder,  back  (proximal)  of  which 
arise  all  the  calcareous  structures  of  the  arm.  The  first  plates  to  appear 
are  the  side  arm-plates,  but  no  sooner  are  they  well  under  way  than  the 
rudiment  of  the  under  arm-plate  appears  followed  by  the  pair  of  catlcareous 
rods  which  are  to  form  the  vertebra,  lying  side  by  side,  above  (dorsal)  the 
water-tube.  They  develop  very  rapidly  and  soon  the  proximal  ends  are  in 
contact  with  each  other  (pi.  i ,  fig.  6).  New  joints  are  arising  distal  to  them, 
and  by  the  time  half  a  dozen  joints  have  appeared  the  two  halves  of  the 
vertebra  are  in  very  close  contact;  when  10  joints  have  formed  it  will  be 
found  that  the  first-formed  vertebra  is  now  a  single,  well-formed,  bilateral 
structure,  which  can  hardly  be  separated  into  its  component  halves.  At 
this  time  the  vertebra  is  much  longer  than  wide,  a  little  wider  than  high, 
and  narrower  distally  than  proximally.  It  soon  begins  to  broaden  at  the 
distal  end,  a  sort  of  knob  or  projection  forming  on  each  side  (pi.  i,  fig.  8). 

Further  development  is  chiefly  along  three  lines:  rapidly  increased  pro- 
portional breadth,  greatly  increased  height,  and  growth  of  spurs,  knobs, 
ridges,  and  hollows.  The  increased  breadth  is  easily  seen  by  comparing 
the  vertebra  of  the  thirtieth  segment  of  an  adult  arm  (pi.  i,  fig.  11)  with  that 
of  the  fifty-fifth  (pi.  i,  fig.  8) ;  while  the  length  has  only  increased  25  per  cent, 
the  breadth  has  increased  180  per  cent;  or  compare  a  fully  developed 
vertebra,  as  in  the  tenth  segment  (pi.  i,  fig.  14),  with  the  young  one  of  the 
fifty-fifth  segment,  and  it  will  be  seen  that  while  it  is  only  twice  as  long,  it 
is  more  than  six  times  as  wide.  The  increased  height  is  easily  shown  in  the 
same  way;  thus  although  in  segment  10  the  vertebra  is  about  8  per  cent 
higher  than  long  (pi.  i,  fig.  18),  in  segment  55  it  is  more  than  three  times 
as  long  as  high.  The  development  of  spurs,  knobs,  ridges,  and  hollows  is 
equally  remarkable  and  is  easily  understood  by  an  examination  of  the 
figures  given.  Unfortunately  no  detailed  description  of  an  ophiuran  verte- 
bra, with  technical  names  for  the  different  parts,  has  ever  been  published, 
Ludwig,  Lyman,  and  others  making  use  of  descriptive  phrases  for  the 
various  parts.  Since  the  structure  of  the  vertebrae  will  undoubtedly  play 
a  more  important  part  in  the  classification  of  ophiurans  in  the  future  than 
it  has  in  the  past,  it  is  desirable  to  have  a  uniform  nomenclature  for  the 
various  parts. 
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Taking  the  fully  formed  vertebra  of  Ophia^tis  as  a  type  (pi.  i,  figs. 
14  to  18),  we  may  distinguish  the  following  parts,  when  the  vertebra  is 
seen  from  above  (fig.  14):  the  alee  form  the  bulk  of  the  adoral  end,  their 
upper  margins  forming  the  upper  alar  ridges;  these  alar  ridges  are  widely 
expanded  at  their  inner  end,  but  do  not  meet  in  the  mid-line;  the  space 
between  is  of  little  importance  in  Ophiactis,  but  is  very  conspicuous  in  some 
genera;  it  may  be  called  the  zygantrum;  the  expanded  inner  end  of  each  alar 
ridge  is  more  or  less  clearly  divided  into  three  parts  which  may  be  called  the 
epapophyses;  on  each  side  there  is  an  aboral^  median,  and  adoral  epapophysis 
and  in  Ophiactis  they  are  all  distinguishable,  although  the  aboral  is  the  most 
conspicuous.  Directly  in  front  of  the  aboral  epapophysis  is  a  broad,  nearly 
flat  platform,  the  protapophysis,  the  aboral  corners  of  which  are  higher 
than  the  median  portion.  Projecting  from  beneath  this  median  portion 
may  be  seen  the  zygosphene,  a  shining,  glassy  knob  which  still  shows  evidence 
of  its  paired  origin.  At  either  side,  but  still  lower,  are  the  aboral  hypapo^ 
physes;  back  of  these  and  about  half-way  between  them  and  the  alse  are  the 
parapophyses,  not  very  conspicuous  or  important  ridges  closely  associated 
with  the  median  hypapophyses;  back  of  and  below  the  zygantrum  is  a 
conspicuous  median,  unpaired  process,  the  epanapophysis,  which  is  particu- 
larly noticeable  in  the  vertebrae  within  the  disk  (pi.  i,  fig.  19) ;  on  either  side 
of  the  epanapophysis,  but  in  a  much  lower  plane,  lies  a  zygapophysis. 

These  are  all  the  parts  which  are  visible  from  above,  but  if  we  look  at 
the  adoral  surface  of  the  vertebra,  (pi.  i,  fig.  17)  we  shall  see  below  the 
zygapophyses,  the  adoral  pair  of  hypapophyses,  while  between  the  zygapo- 
physes  is  the  important  space,  the  zygotreme.  Looking  at  the  lower  surface 
of  the  vertebra  (pi.  i,  fig.  16)  a  deep  furrow,  the  taphrus,  is  seen  running  from 
between  the  zygapophyses  to  the  zygosphene;  it  is  bounded  on  either  side 
by  the  three  hypapophyses  and  the  thin,  vertical  wall  which  connects  their 
bases;  the  taphrus  contains  the  radial  water-vessel  and  nerve;  the  lower 
alar  ridges  form  the  ventral  margin  of  the  alae. 

Making  use  of  these  terms,  then,  we  may  describe  the  vertebra  of 
Ophiactis  as  short  and  high,  with  a  small  zygantrum,  a  broad,  low  prota- 
pophysis,  a  well-marked  zygosphene,  a  large  epanopophysis,  well-developed 
zygapophyses,  and  small,  adoral  hypapophyses.  The  basal  segments  of 
the  arm  are  so  crowded  and  compressed  that  they  do  not  fairly  show  the 
appearance  of  a  typical  vertebra,  but  from  the  tenth  to  the  fifteenth  seg- 
ment the  vertebrae  show  clearly  their  characteristic  features.  Beyond  the 
twentieth  segment  youthful  characters  become  evident  and  these  become 
more  and  more  marked  as  one  approaches  the  tip  of  the  arm.  This  is  well 
brought  out  by  comparing  a  basal  joint  of  a  young  arm  with  a  corresponding 
joint  of  an  adult  arm.  For  example,  the  resemblance  is  very  noticeable 
between  the  tenth  vertebra  (counting  from  the  base  of  the  arm  outward) 
of  an  arm  having  18  joints  (pi.  i,  fig.  12)  and  the  thirtieth  vertebra  of  an  arm 
with  more  than  60  joints  (pi.  i,  fig.  11),  but  the  difference  between  this 
young  tenth  vertebra  and  the  tenth  vertebra  of  the  adult  arm  (pi.  i,  fig.  14) 
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is  most  striking.  No  doubt  the  existence  of  localized  stages  in  the  series  of 
vertebrse  of  the  ophiuran  arm  will  be  easily  demonstrated  when  the  details 
of  arm-structure  are  worked  out  for  a  large  number  of  species  and  genera. 

The  development  of  the  young  vertebra  into  the  adult  deserves  a  further 
word.  It  has  already  been  pointed  out  that  during  this  development  growth 
longitudinally  is  very  slow  as  compared  with  the  lateral  and  vertical  growth. 
Attention  may  now  be  given  to  the  important  question  as  to  what  processes 
of  the  adult  vertebra  are  the  first  to  develop  and  which  are  the  last.  In  a 
very  young  vertebra  the  alae  are  the  only  evident  projections,  but  in  one  a 
little  older  (pi.  i,  fig.  8),  the  aboral  hypapophyses  are  well  marked,  the 
zygosphene  is  defined,  and  the  aboral  end  of  the  protapophysis  can  be 
distinguished;  there  is  also  an  indication  of  the  epanapophysis.  In  the 
vertebra  of  the  segment,  5  joints  nearer  the  disk  (t.  «.,  the  fiftieth),  the  upper 
alar  ridge  is  distinct  and  the  protapophysis  is  fully  defined.  In  the  vertebra 
of  the  fortieth  segment  the  parapophyses  show  and  the  aboral  hypapophyses 
are  very  prominent.  In  the  vertebra  of  the  thirtieth  segment  the  first 
indications  of  the  epapophyses  are  seen  in  the  line  of  distinction  between  the 
protapophysis  and  the  alar  ridges.  In  the  vertebra  of  the  twentieth  seg- 
ment this  distinction  is  so  far  completed  that  the  aboral  epapophyses  and 
the  zygantrum  are  well  defined. 

Before  leaving  the  subject  of  the  vertebrae,  a  word  may  be  said  as  to 
their  articulation  with  each  other.  The  alae  of  course  furnish  the  chief 
surface  for  muscular  attachment,  but  the  parapophyses  and  hypapophyses 
are  important  points  of  attachment.  The  zygosphene  fits  into  the  zygo- 
treme  of  the  next  distal  vertebra  and  is  supported  on  each  side  by  a  zyga- 
pophysis.  The  aboral  margin  of  the  protapophysis  fits  into  the  space  below 
the  epanapophysis  and  above  the  zygapophyses,  and  the  aboral  hypa- 
pophyses fit  into  the  space  below  and  outside  the  adoral  pair.  So  while  the 
zygosphene  and  zygotreme  furnish  what  might  be  called  the  axial  joint, 
which  is  thus  of  the  ball-and-socket  type,  too  great  vertical  freedom  is  pre- 
vented by  the  protapophysis  and  epanapophysis,  while  excessive  lateral 
movement  is  impeded  by  the  aboral  and  adoral  hypapophyses. 

ARM-PLATES. 

The  sequence  of  formation  of  the  arm-plates  has  been  correctly  stated 
by  Ludwig  and  by  Fewkes,  their  observations  on  Amphipholis  being  fully 
confirmed  by  mine  on  that  genus  and  on  Ophia^tis.  The  2  side  arm-plates 
appear  simultaneously,  one  on  each  side,  directly  back  of  the  terminal 
plate,  and  are  the  first  indication  of  the  formation  of  an  arm-segment. 
They  very  quickly  meet  in  the  mid-ventral  line  and  a  little  later  in  the  mid- 
dorsal  line.  They  are  followed  at  once  by  the  rudiment  of  the  under 
arm-plate,  which  arises  directly  in  front  of,  or  distal  to,  their  ventral  line 
of  division.  The  under  arm-plate  is  soon  followed  by  the  upper  one,  which 
is  formed  in  a  corresponding  position  on  the  dorsal  side  of  the  arm.  In  a 
normally  developing  young  arm,  the  fourth  segment  is  generally  the  first 
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one  that  can  be  considered  complete  (pi.  i,  fig.  6);  the  third  has  only  a 
rudiment  of  the  upper  arm-plate;  the  second  lacks  the  upper  arm-plate 
altogether;  the  first  lacks  both  upper  and  under  arm-plates.  It  is  true  that 
the  rapidity  with  which  new  segments  are  formed  shows  more  or  less 
diversity  in  different  individuals.  Apparently,  in  the  regenerating  tip  of 
an  adult  arm  the  segments  are  formed  more  rapidly  and  develop  much  more 
slowly  than  in  a  young  arm.  As  a  consequence,  the  sixth,  tenth,  and 
fifteenth  segments  of  such  an  arm  are  all  in  about  the  same  stage  of  develop- 
ment. Simroth  (1876)  has  correctly  described  how  the  new  "arm-buds" 
arise  on  the  r^enerating  half  of  the  disk.  As  soon  as  they  are  visible,  the 
terminal  plate  appears  at  the  tip  just  above  the  water-tube.  It  grows 
down  and  around  the  tube  very  rapidly  and  soon  the  two  sides  meet  and 
fuse  in  the  mid-ventral  line.  By  the  time  this  process  is  complete  the 
first  pair  of  side  arm-plates  is  fully  formed  (pi.  i,  fig.  7).  The  first  side  arm- 
plates  meet  broadly  both  above  and  below,  the  under  and  upper  plates 
being  relatively  very  small  on  the  young  joints;  but  both  grow  more  rapidly 
than  the  side  arm-plates  and  slowly  but  surely  force  the  latter  apart.  By 
the  time  20  segments  are  formed,  the  side  arm-plates  are  nearly  separated 
dorsally  and  the  separation  is  completed  before  25  segments  have  developed. 
Ventrally  the  process  is  a  trifle  slower,  but  it  is  completed  before  30  segments 
are  formed.  On  the  basal  part  of  the  arm,  therefore,  the  side  arm-plates 
are  completely  separated  above  and  below,  while  the  under  arm-plates  are 
in  contact  with  their  fellows  and  the  upper  plates  with  theirs. 

As  regards  their  relation  to  the  vertebra  which  they  inclose,  in  the  adult 
arm-s^^ment  it  can  be  easily  seen  that  the  side  arm-plates  are  in  very  close 
conjunction  with  the  alae,  fitting  more  or  less  neatly  into  the  area  between  the 
alar  ridge  and  the  parapophysis.  The  under  arm-plate  is  in  contact  with 
and  apparently  somewhat  attached  to  the  aboral  and  median  hypapophyses. 
The  upper  arm-plate  rests  on  and  is  perhaps  attached  to  the  epapophyses 
and  even  to  the  protapophysis. 

ARM-SPINES  AND  TENTACLE-SCALES. 

The  first-formed  arm-spine  is  the  lowest  and  no  additional  spine  ever 
appears  normally  between  it  and  the  tentacle-scale.  It  ordinarily  appears 
as  soon  as  the  side  arm-plate  is  well  formed,  but  is  usually  lacking  from  the 
first  segment  (*.  e.,  the  segment  directly  adoral  to  the  terminal  plate). 
On  the  second  segment  the  lowest  arm-spines  are  well  marked;  they  each 
originate  from  a  separate  center  of  calcification  close  to  the  aboral  margin 
of  the  side  arm-plate  near  its  lower  end.  The  second  arm-spine  is  the 
next  dorsal  to  the  lowest;  it  may  appear  almost  simultaneously  with  the 
lowest  or  it  may  be  wholly  lacking  on  the  second  segment.  Although 
appearing  later,  the  second  arm-spines  grow  more  rapidly  than  those  first 
developed  and  are  soon  distinctly  larger.  The  third  arm-spine  of  each 
vertical  series  generally  appears  on  the  sixth  or  seventh  segment  from  the 
tip;  it  lies  just  dorsal  to  the  second,  of  course.    The  fourth  spine,  just  dorsal 
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to  the  third,  arises  very  much  later;  in  some  individuals  it  may  be  found  on 
the  fifteenth  segment  back  of  the  terminal  plate,  but  in  other  specimens  as 
many  as  25  segments  may  have  only  3  spines  on  each  side.  In  large  speci- 
mens, a  fifth,  sixth,  seventh,  and  very  rarely  an  eighth  spine  appear  in  each 
series  dorsal  to  the  fourth,  but  the  position  of  the  s^ments  on  which  these 
spines  first  appear  differs  much  in  different  specimens.  In  the  largest 
specimen  seen,  the  basal  arm-segment  has  2  spines,  the  next  4,  the  next  5, 
the  next  6,  the  next  7,  and  the  next  8 ;  then  follow  13  joints,  each  with  7  arm- 
spines  on  each  side,  23  joints  with  6,  24  with  5,  and  18  with  4;  the  rest  of 
the  arm  is  unfortunately  missing.  The  species  character  (5  or  6  arm-spines) 
is  thus  shown  from  the  tenth  to  the  fifty-seventh  s^ment.  This  is  a  much 
more  extended  series  than  is  shown  by  the  vertebrae,  which  are  typical  from 
about  the  eighth  to  the  twentieth  segment  only.  The  next  to  the  lowest 
arm-spine  is  the  largest  (longest  and  stoutest),  as  long  as  there  are  only  4, 
but  as  the  number  increases  the  lower  spines  grow  very  little,  while  the  upper 
ones  grow  rapidly,  so  that  near  the  base  of  the  arm  the  next  to  the  upper- 
most, or  the  uppermost,  becomes  the  largest.  At  the  tip  of  the  arm,  the 
spines  are  smooth,  but  they  soon  develop  thorn-like  projections  on  the 
lower,  adoral  margin,  and  generally  on  all  sides,  especially  near  the  tip. 
Excepting  on  the  lowest  spine,  these  projections  are  neither  large  enough  nor 
sufficiently  definitely  arranged  to  have  any  particular  significance,  but  on 
the  lowest  spine  they  are  more  characteristic.  The  lowest  spines  of  the 
third  segment  (pi.  3,  fig.  12)  have  an  enlarged  base  and  a  smooth,  nearly 
cylindrical  tip,  but  those  of  the  sixth  (pi.  3,  fig.  13)  have  the  thorn-like  pro- 
jections or  "teeth"  of  the  lower,  adoral  margin  very  conspicuous,  especially 
the  terminal  one.  There  are  half  a  dozen  or  more  of  these  teeth  at  this 
stage,  but  as  the  spine  grows  older  they  increase  in  number  and  occupy  the 
other  angles  of  the  spine,  so  that  at  the  middle  of  the  arm  the  lowest  spine 
(pi.  3,  fig.  14),  although  much  more  thorny  than  any  of  the  others,  does  not 
differ  from  them  as  evidently  as  it  does  near  the  tip  of  the  arm.  It  can  not 
be  said,  then,  that  the  lowest  arm-spine  of  Ophiactis  is,  in  any  sense,  char- 
acteristic. 

The  tentacle-scales  in  Ophiactis  savignyi  are  large  and  conspicuous, 
although  there  is  but  one  on  each  pore.  It  arises  almost  as  soon  as  the 
lowest  arm-spine,  but  it  is  associated  with  the  ventral  surface  of  the  side 
arm-plate.  It  arises  from  a  separate  center  of  calcification  and  its  rudiment 
appears  simultaneously  with  that  of  the  under  arm-plate.  There  is  nothing 
in  the  development  of  the  tentacle-scales  to  determine  whether  they  are 
homologous  with  the  arm-spines  or  not. 

SUMMARY  OF  GROWTH  CHANGES. 

1.  Fission  occurs  as  soon  as  adult  form  is  assumed;  it  usually  results  in 

complemental  halves,  but  may  leave  four  rays  on  one  half  and  only 
hvo  on  the  other. 

2.  The  5-rayed  individuals  arise  in  either  one  of  two  ways:  by  the  forma- 

tion of  a  normal  3-rayed  half  on  a  regenerating  2-rayed  individual. 
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or  by  the  failure  of  the  median  ray  to  develop  on  the  regenerating 
side  of  a  normal  3-rayed  individual.  But  only  about  one  specimen 
in  ten  has  5  rays. 

3.  In  fission  the  dividing  plane  does  not  cut  through  a  jaw,  but  passes  on 

one  side  or  the  other;  accordingly  a  half-disk  may  have  2,  3,  or  4 
jaws;  normally  there  are  3. 

4.  The  disk-covering,  when  the  adult  form  is  first  assumed,  consists  of 

the  typical  primary-plates,  shown  by  Ludwig  to  be  characteristic 
of  Ophiactis,  but  owing  to  repeated  fission,  the  covering  of  the  disk 
is  ultimately  made  up  (aside  from  the  large  radial  shields)  of  small 
plates  with  no  regular  arrangement. 

5.  The  torus  bears  at  first  none,  then  i,  2,  3,  4,  5,  and  sometimes  6  teeth, 

of  which  the  oldest  (first-formed)  is  uppermost  and  the  youngest 
is  lowest  (most  ventral). 

6.  Young  vertebrae  are  very  much  longer  than  high  or  wide;  the  alae  are 

the  first  outgrowths  to  appear,  soon  followed  by  the  aboral  hypa- 
pophyses;  the  zygosphene,  protapophysis,  and  epanapophysis 
appear  almost  immediately  thereafter. 

7.  T5rpical  vertebrae  occur  in  the  adult  arm  from  about  the  eighth  to  the 

twentieth  segment. 

8.  Of  the  plates  covering  the  vertebrae,  the  side  arm-plates  appear  first, 

followed  by  the  under  arm-plates  and  lastly  by  the  upper.  The 
side  arm-plates,  of  any  one  segment,  are  broadly  in  contact  with 
each  other  both  above  and  below  on  the  young  joints,  but  are  ulti- 
mately separated  dorsally  by  the  growth  of  the  upper  arm-plates 
and  ventrally  by  the  lower. 

9.  The  lowest  arm-spine  is  the  first  formed;  all  succeeding  spines  arise 

serially  dorsal  to  it. 

10.  The  typical  number  of  arm-spines  is  to  be  found  on  about  the  tenth 

segment  of  an  adult  arm  and  thence  distally  for  a  varying  number 
of  segments,  rarely  as  many  as  40. 

11.  The  lowest  arm-spine  has  no  characteristic  form. 

12.  The  tentacle-scales  appear  with  the  first  under  arm-plate;  they  may 

not  be  homologous  with  the  arm-spines. 

Amphipholis  squamata  (Delle  Chiaje). 
The  peculiar  habitat  of  the  specimens  of  Ampf^ipholis  collected  at 
Montego  Bay  led  me  to  question  whether  the  species  was  really  identical 
with  that  found  on  shelly  bottoms  in  New  England  waters.  But  critical 
comparison  of  these  Jamaican  specimens  with  others  from  Woods  Hole 
(Massachusetts),  Casco  Bay  (Maine),  Grand  Manan  (New  Brunswick), 
Norway,  and  Naples  has  forced  me  to  the  conclusion  that  they  can  not 
be  distinguished  and  are  undoubtedly  entitled  to  the  name  squamata.  At 
Montego  Bay,  the  species  was  found  only  in  the  red  sponge  in  which  Ophi- 
actis  occurred  so  abundantly,  but  in  that  situation  it  was  fairly  common. 
The  smallest  free-living  specimen  seen  had  the  disk  a  millimeter  across  and 
of  an  orange-red  color,  a  peculiarity  of  the  young  noted  by  Fewkes.  Most 
of  the  specimens  with  disks  more  than  2  mm.  across  contained  young  in  a 
more  or  less  advanced  stage  of  development.  The  youngest  embryo 
examined  had  the  disk  0.35  mm.  across,  and  the  arms,  each  with  3  segments, 
projected  only  0.20  mm.  beyond  the  disk  margin.  The  largest  adult  did 
not  exceed  3  mm.  in  diameter. 
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In  two  particulars  the  Amphipholis  from  Montego  Bay  showed  rather 
striking  differences  from  those  studied  at  Newport  by  Fewkes  (1887),  who 
says  that  4-  and  6-armed  young  ''were  repeatedly  found"  and  that  "adults 
with  6  arms  were  common."  I  have  not  found  a  specimen  in  my  Jamaican 
material,  either  adult  or  young,  which  varies  in  any  way  from  the  typical 
pentamerous  condition.  Again,  Fewkes  says  that  "ordinarily  a  gravid  adult 
would  have  from  10  to  15  (generally  10)  free  young."  In  the  Jamaican 
form  the  number  of  young  ranged  from  i  to  3,  but  in  no  case  were  more 
than  3  seen.  There  were  no  2  of  the  3  at  the  same  stage  of  development; 
for  example,  in  one  typical  case  one  young  was  0.50  mm.  across  with  5- 
jointed  arms,  a  second  was  0.63  mm.  across  with  8-jointed  arms,  and  a  third 
was  0.80  mm.  across  with  11 -jointed  arms.  The  young  are  not  bom  until 
the  disk  is  nearly  a  millimeter  across;  one  mother  only  2.2  mm.  across  the 
disk  contained  a  young  one  0.90  mm.  across.  Fewkes  does  not  mention  the 
size  of  his  adults,  and  it  is  quite  possible  that  they  were  much  larger  than 
the  Montego  Bay  specimens.  If  so,  that  fact  might  account  for  the  physi- 
ological differences  just  noted,  in  the  frequency  of  variation,  and  the  number 
of  young.  Or  it  is  possible  that  the  small  number  of  young  may  have  been 
due  to  the  breeding-season  being  nearly  over  at  Montego  Bay.  No  special 
attempt  was  made  to  settle  the  matter,  as  it  was  not  until  after  my  return 
to  Cambridge  that  I  had  any  doubts  as  to  the  breeding-season  being  at  its 
height. 

Unlike  Ophia^tis,  Amphipholis  shows  no  evidence  of  schizogonous  repro- 
duction, but  ordinary  reproduction  by  ova  begins  very  early  in  life.  The 
development  has  been  so  carefully  worked  out  by  Fewkes  (1887)  and  Lud- 
wig  (1881),  as  well  as  by  several  other  students,  that  there  is  little  that  is 
new  for  me  to  set  forth,  except  in  certain  details  omitted  by  these  earlier 
writers.  As  in  the  case  of  Ophiaclis,  attention  has  been  centered  on  the 
skeletal  parts,  as  neither  the  podia  nor  any  other  soft  parts  reveal  any 
features  of  interest,  from  the  present  point  of  view. 

DISK-COVERING. 

In  the  youngest  specimens  seen  the  disk  was  covered  by  16  plates  (a 
central,  5  large  radials,  and  10  interradials)  as  figured  by  Ludwig,  but  the 
5  pairs  of  radial  shields  were  already  beginning  to  appear.  By  the  time 
the  disk  is  0.80  mm.  across,  there  are  5  more  radials  and  5  more  interradials, 
while  the  radial  shields  are  now  easily  recognized  as  such.  The  new  radial 
and  interradial  plates  arise  between  the  central  and  the  primary  plates  of 
radii  and  interradii.  With  increasing  size  of  disk  the  conspicuousness  of  the 
primary  plates  disappears,  and  while  they  can  sometimes  be  made  out  in 
the  adult,  they  are  not  as  a  rule  easily  seen.  The  adult  disk  is  covered 
by  150  to  300  plates.  No  spinelets  develop  in  connection  with  any  disk- 
scales. 
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MOUTH-PARTS. 

My  observations  on  the  mouth-parts  confirm  fully  the  work  of  Fewkes 
and  Ludwig.  I  am,  however,  able  to  add  certain  details  in  regard  to  the 
teeth  and  oral  papillae  which  were  either  overlooked  by  those  writers  or 
considered  of  too  little  importance  to  note.  As  mentioned  under  Ophiactis, 
the  torus  forms  at  the  tip  of  the  jaw  as  a  small  plate  about  as  wide  as  high, 
but  rapidly  becomes  vertically  elongated.  Before  it  is  twice  as  high  as  long, 
the  first  tooth  is  formed  from  a  triradiate  spicule  lying  close  to  the  torus 
on  its  inner  side,  near  its  upper  end.  This  spicule  rapidly  forms  a  triangular 
pyramid,  the  base  of  which  rests  very  closely  against  the  torus  (pi.  2,  fig.  5). 
Fewkes  says  that  "the  teeth  are  not  separate  centres  of  calcification,'*  but 
appear  '*to  grow  out  directly  from  the  adoral  region  of  the  torus."  My 
first  impressions  were  that  this  statement  was  correct,  so  closely  are  the 
teeth  associated  with  the  torus,  but  careful  maceration  with  sodium  hypo- 
chlorite made  it  possible  to  determine  the  truth.  So  closely  does  the  young 
tooth  press  against  the  torus,  that  resorption  (as  stated  under  Ophia^tis) 
takes  place  in  the  latter  and  a  socket  is  formed  in  which  the  tooth  sets  very 
snugly,  but  probably  not  immovably.  The  first-formed  tooth  attains  some 
size  (pi.  2,  fig.  6)  before  the  second  is  formed.  As  the  torus  elongates 
vertically  the  second  tooth  arises  below  the  first  and  subsequently  a  third 
forms  beneath  that,  and  finally  a  fourth  below  that;  the  maximum  number 
in  Amphipholis  from  Montego  Bay  seems  to  be  4;  probably  larger  specimens 
will  be  found  to  have  5.  The  growth  of  the  torus  seems  to  be  chiefly  at  the 
lower  end,  and  that  of  the  teeth  is  mainly  distal.  In  the  adult  torus  the 
sockets,  in  which  the  teeth  are  set,  completely  perforate  its  skeletal  tissue, 
with  the  occasional  or  perhaps  usual  exception  of  the  lowest.  The  torus 
is  widest  and  thickest  at  the  top. 

Fewkes  has  laid  considerable  stress  on  the  formation  of  a  spinous  pro- 
jection at  the  distal  end  of  the  second  adambulacral  plate,  during  the 
formation  of  the  jaw,  which  he  considers  homologous  with  an  arm-spine. 
There  is  no  doubt  of  the  existence  of  this  process.  Ludwig  and  others 
refer  to  it  and  I  have  had  no  difficulty  in  finding  it  (pi.  2,  fig.  i).  But  in 
following  its  development  we  find  it  never  becomes  a  spine  or  any  other 
special  organ;  it  simply  forms  the  distal,  concealed  end  of  the  adoral  plate, 
to  which  the  second  adambulacral  plate  gives  rise.  We  have  already  seen 
under  Ophiactis  that  the  arm-spines  arise  from  separate  centers  of  calci- 
fication, but  neither  pewkes  nor  Ludwig  noted  this  fact.  Had  it  been 
observed  by  Fewkes,  he  could  hardly  have  homologized  the  distal  process 
of  the  adoral  plate  with  an  arm-spine;  he  seems  to  have  been  misled  by  a 
superficial  resemblance  and  to  have  overlooked  the  important  fact  that 
spines  do  not  arise  by  budding  or  breaking  off  from  previously  formed 
plates. 

The  origin  and  development  of  the  oral  papillae  in  Amphipholis  is  of 
especial  importance,  since  their  appearance  in  the  adult  is  the  character  upon 
which  the  genus  is  based.    They  arise  very  early  in  the  development  of  the 
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jaw,  for  while  the  adambulacral  plates  which  form  the  latter  are  still  quite 
distinct,  their  rudimentary,  beginnings  may  be  seen  (pi.  2,  fig.  2).  At  this 
stage  there  are  two  papillae  on  each  side  of  each  jaw;  one  is  at  the  outer 
(adradial)  proximal  comer  of  the  first  adambulacral,  while  the  other  is  on 
the  inner  (proximal)  side  of  the  second  adambulacral,  just  distal  to  the  oral 
tentacle.  Later  a  third  papilla  arises  on  the  adradial  side  of  the  first 
adambulacral,  close  behind  the  first  papilla.  The  time  of  appearance  of  this 
third  papilla  shows  considerable  diversity;  usually  it  forms  very  soon  after 
the  other  two,  but  occasionally  it  is  delayed,  and  even  a  specimen  a  milli- 
meter across  may  lack  it  (pi.  2,  fig.  3).  The  typical  generic  character 
(pi.  2,  fig.  4)  is  commonly  recognizable  by  the  time  the  disk  is  1.30  mm. 
across.  The  existence  of  the  stage  with  only  the  proximal  and  distal 
papillae  (pi.  2,  figs.  2  and  3)  is  of  extraordinary  interest,  for  that  is  the  con- 
dition characteristic  of  the  genus  Amphiura  and  we  are  therefore  justified 
in  saying  that  Amphipkolis  passes  through  an  Amphiura  stage.  Evidently 
light  is  thus  thrown  on  the  phylogeny  of  Amphipholis.  The  appearance  of 
the  rudimentary  oral  papillae  and  their  relation  to  the  first  and  second  adam- 
bulacral plates,  with  their  accompanying  podia,  suggest  the  possibility  that 
the  oral  papillae  are  homologous  with  tentacle-scales.  Investigations  on 
other  genera  will  be  necessary  in  order  to  determine  the  point. 

ARM-BONES  OR  VERTEBRiE. 

Ludwig  (1881)  has  worked  out  so  completely  the  development  of  the 
vertebrae  that  there  is  really  very  little  to  be  added.  My  observations  do 
not  disagree  with  his  in  a  single  essential  feature,  although  in  details  of 
secondary  hollows  and  ridges  my  impressions  of  an  adult  vertebra  do  not 
agree  with  his  figures.  The  largest  vertebra  I  have  examined  is  relatively 
longer  than  his  largest,  but,  as  I  have  already  stated,  the  Montego  Bay 
specimens  of  Amphipholis  were  all  small,  and  their  arm-segments  are 
undoubtedly  relatively  longer  than  those  of  larger  specimens.  The  adult 
vertebra  may  be  described  as  somewhat  elongated,  with  a  small  zygantrum, 
a  low,  long  protapophysis,  a  well-developed  zygosphene,  a  large  epana- 
pophysis,  well-developed  zygapophyses,  and  very  small  adoral  hypa- 
pophyses.  In  all  essentials  it  is  like  that  of  Ophiactis^  but  relatively  much 
longer  and  somewhat  lower;  the  protapophysis  is  narrower,  the  para- 
pophyses  more  conspicuous,  and  the  epapophyses  less  well  marked.  In  all 
these  particulars  the  vertebra  of  Amphipholis  is  more  youthful  than  that 
of  Ophiactis. 

ARM-PLATES. 

In  no  particulars  does  the  development  of  the  arm-plates  differ  from 
what  has  been  shown  for  Ophiactis.  The  side  arm-plates  appear  first  and 
are  followed  by  the  under  arm-plate,  while  the  upper  arm-plate  appears  last 
of  all.  In  one  point,  however,  development  does  not  go  so  far  in  Amphi- 
pholis as  in  Ophiactis.  The  side  arm-plates  are  never  fully  separated,  either 
above  or  below;  at  least,  in  the  largest  specimen  I  have  examined,  one 
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which  has  40  arm-segments,  the  side  arm-plates  are  still  distinctly  in  contact 
even  in  the  first  basal  segment.  In  this  particular  character,  then,  Amphi- 
phoHs  is  more  primitive  or  youthful  than  Ophiactis. 

ARM-SPINES  AND  TENTACLE-SCALES. 

One  of  the  most  peculiar  features  of  the  development  of  AmphiphoUs 
is  the  fact  that  it  is  not  the  lowest  arm-spine  which  appears  first,  but  the 
next  to  the  lowest.  So  unwilling  was  I  to  believe  this  that  it  was  only  after 
repeated  observations,  on  many  specimens,  that  I  satisfied  myself  there 
is  no  doubt  about  the  fact.  Development  at  the  tip  of  the  arm  is  so  rapid 
that  each  side  arm-plate  of  the  newest  s^;ment  usually  bears  two  spines 
before  a  new  s^;ment  begins  to  form;  this  first  segment  may  also  have  the 
rudiment  of  an  under  arm-plate.  If  one  examines  this  distalmost  s^;ment 
when  the  side  arm-plates  have  just  met  in  the  midventral  line,  the  rudiment 
of  an  arm-spine  vdll  be  found  on  the  aboral  margin  of  each  side  arm-plate. 
Almost  immediately  a  second  rudiment  appears  below  (ventral  to)  the  first, 
so  that  there  are  two  rudimentary  spines  on  each  side.  They  remain  of 
about  equal  length  for  some  time,  but  the  upper  is  the  stouter  and  more 
thorny  (pi.  3,  fig.  11).  On  the  third  segment  they  are  of  about  equal 
length,  but  on  the  fourth  the  lower  is  longer.  By  the  time  8  segments  are 
formed  a  third  spine  appears  on  each  side  arm-plate  above  the  other  two. 
This  rapidly  becomes  the  longest  of  the  three,  while  the  middle  one  is  the 
stoutest  and  roughest.  By  the  time  25  segments  are  complete  a  fourth  spine 
dorsal  to  the  third  may  arise,  but  it  does  not  become  noticeably  longer  than 
the  third  and  is  generally  shorter.  The  development  of  the  "second" 
spine  before  the  lowest  is  so  contrary  to  a  priori  expectations  that  some 
explanation  is  necessary.  It  is  true  that  in  its  early  appearance  (pi.  3, 
fig.  11),  it  resembles  the  lowest  arm-spine  of  Ophiactis  (pi.  3,  fig.  13)  and  it  is 
possible  to  consider  the  two  homologous,  since  each  is  the  first  spine  formed 
on  the  segment.  But  in  that  case  the  lowest  arm-spine  of  Amphipholis 
requires  explanation,  for  there  is  nothing  homologous  to  it  in  Ophiactis. 
A  preferable  explanation  seems  to  me  to  be  the  suggestion  that  we  have 
here  an  extraordinary  case  of  acceleration  in  development.  We  have 
already  seen  in  Ophiactis  that  after  the  "second"  spine  is  formed  it  grows 
more  rapidly  than  the  lowest  and  soon  exceeds  it  in  size.  Now,  the  whole 
appearance  of  young  Amphipholis  shows  that  its  development  within  the 
mother's  body  has  led  to  an  acceleration  which  is  most  noticeable  at  the  tips 
of  the  arms,  although  marked  on  the  disk.  Is  it  not  possible  that  accelera- 
tion in  the  development  of  the  arm-spines  has  led  the  more-rapidly  growing 
"second"  spine  to  appear  before  the  lowest?  Such  a  suggestion  seems  to 
me  well  within  the  bounds  of  possibility.  In  any  case,  however,  neither  the 
lowest  nor  the  second  arm-spine  develops  any  unusual  hooks  or  teeth  or 
assumes  any  particularly  characteristic  form. 

Although  the  basal  joints  of  th6  arm  show  two  tentacle-scales  on  each 
«ide,  one  associated  with  the  under  arm-plate  and  one  with  the  side  arm- 
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plate,  it  is  a  remarkable  fact  that  at  the  tip  of  the  arm  there  are  no  tentacle- 
scales  at  all.  It  is  not  until  a  dozen  or  more  segments  are  formed  that  the 
first  tentacle-scale  appears  and  it  is  associated  with  the  side  arm-plate,, 
arising  near  its  outer  margin,  at  the  base,  from  a  separate  center  of  calci- 
fication. The  origin  and  appearance  suggest  homology  with  the  arm- 
spines.  Almost  immediately  after  the  formation  of  the  first  tentacle-scale, 
a  second  one  associated  with  the  under  arm-plate  begins  to  form  and  i» 
usually  visible  after  one  or  two  segments  have  given  rise  to  the  first  one. 
The  exact  place  of  appearance  of  the  tentacle-scales  is  subject  to  a  good 
deal  of  individual  variation;  thus  in  a  specimen  with  21  or  22  segments  in 
each  arm,  the  terminal  15  or  16  have  no  tentacle-scales,  but  the  sixteenth  or 
seventeenth  has  one  associated  with  the  base  of  the  side  arm-plate,  while 
the  second  scale  may  be  seen  on  the  eighteenth  or  nineteenth  segment  in 
4  arms,  but  not  until  the  twentieth  in  the  fifth ;  on  the  other  hand,  in  older 
specimens,  with  30  or  40  arm-joints,  the  first  tentacle-scale  may  appear  only 
12  segments  from  the  tip  of  the  arm  and  the  second  on  the  fourteenth.  The 
first  tentacle-scale  has  every  appearance  of  being  the  homologue  of  an 
arm-spine,  but  the  second  is  apparently  quite  a  different  organ.  It  must 
be  considered  as  a  possibility  that  this  second  tentacle-scale  in  Atnphipholis 
is  homologous  with  the  single  tentacle-scale  of  Ophiactis,  but  the  question 
involves  the  examination  and  study  of  many  related  genera  before  it  can  be 
answered. 

SUMMARY  OF  GROWTH  CHANGES  IN  AMPHIPHOLIS  SQUAMATA. 

1.  The  disk-covering  when  the  adult  form  is  first  assumed  consists  of  the 

typical  primary  plates,  figured  by  Fewkes  and  by  Ludwig.  Rapid 
growth,  however,  soon  decreases  the  conspicuousness  of  these 
plates  and  in  the  adult  they  are  seldom  recognizable. 

2.  The  torus  of  the  adult  bears  4  teeth,  which  do  not  arise  as  outgrowths 

from  it,  but  originate  from  separate  centers  of  calcification.  The 
uppermost  tooth  is  oldest,  the  lowest  youngest. 

3.  The  second  adambulacral  plate,  which  becomes  the  adoral  plate  in 

the  adult,  does  not  bear  a  spine  at  its  distal  end  at  any  stage  of 
its  development,  nor  does  a  spine  arise  at  any  time  by  a  separation 
of  a  projection  of  the  original  plate. 

4.  The  oral  papillae  arise  from  separate  centers  of  calcification  associated 

with  the  first  two  adambulacral  plates.  They  may  be  homologous 
with  tentacle-scales. 

5.  At  an  early  stage  of  development,  AmphiphoUs  has  only  2  oral  papillae 

on  each  side  of  the  jaw,  as  in  Amphiura.  It  may  therefore  be 
said  to  pass  through  an  Amphiura  stage. 

6.  The  vertebrae  of  AmphiphoUs  are  essentially  like  those  of  Ophiactis,  but 

have  retained  certain  youthful  features,  greater  relative  length, 
less  relative  height,  narrower  protapophysis,  more  conspicuous 
parapophyses,  and  less  well-marked  epapophyses. 

7.  Arm-plates  arise  in  the  same  sequence  as  in  Ophiactis,  but  the  side 

arm-plates  of  any  one  segment  are  never  separated  from  each  other, 
either  above  or  below.  The  arm  is  thus  more  youthful  than  that 
of  Ophiactis, 


Digitized  by 


Google 


Growth-changes  in  Brittle  Stars.  1 1 1 

8.  The  next  to  the  lowest  arm-spine  and  not  the  lowest  is  the  first  one 

formed,  but  the  first  segment  usually  has  both,  on  each  side,  before 
the  second  segment  arises. 

9.  The  lowest  arm-spine  never  develops  any  special  or  characteristic 

form. 
10.  The  distal  arm-segments  have  no  tentacle-scales,  but  at  the  base  of 
the  arm  each  pore  has  two;  one,  associated  with  the  side  arm- 
plate,  arises  after  12  to  18  segments  have  been  formed;  the  other, 
associated  with  the  under  arm-plate,  arises  one  or  two  segments 
later.  The  former  may  be  homologous  with  an  arm-spine;  the 
latter  may  be  homologous  with  the  tentacle-scale  of  OphiacUs. 

Ophiothrix  angulata  (Say). 

Two  species  of  Ophiothrix,  angulata  and  asrstedU,  are  very  common  in 
shallow  water  throughout  the  West  Indian  region.  Both  are  exceedingly 
variable  in  coloration  and  the  specific  differences  between  them  are  often 
hard  to  make  out.  The  commoner  and  more  variable  species  is  angulata, 
and  at  Montego  Bay  a  dozen  specimens  could  be  gathered  to  every  one  of 
osrstedii.  The  latter  has  very  characteristic  lines  of  white  or  cream-color 
cross-banding  the  upper  surface  of  the  arms,  and  these  are  rarely,  if  ever, 
lacking,  though  they  are  occasionally  faint.  In  angulata  such  cross-lines 
are  rarely  indicated,  but  there  is  present  a  longitudinal  stripe  of  white,  or 
some  light  shade,  running  the  length  of  the  arm.  Although  such  a  dis- 
tinction seems  trivial,  especially  when  the  rest  of  the  coloration  is  very 
variable,  it  is  really  remarkably  constant  and  specimens  can  generally  be 
assigned  to  one  species  or  the  other  at  a  glance. 

As  is  generally  the  case  when  a  species  is  very  common,  angulata  occurs 
in  very  diverse  habitats.  It  is  quite  common  at  Montego  Bay  among 
coral  fragments  on  the  reefs,  it  is  very  common  among  the  eel-grass  on  the 
flats,  and  it  is  exceedingly  common  among  the  bryozoa,  sponges,  mollusks, 
hydroids,  and  asddians  growing  in  masses  on  the  mangrove  roots  among 
the  Bogue  Islands.  Most  of  the  young  specimens  obtained  were  found  in 
the  last-named  habitat,  especially  in  the  cavities  of  the  same  red  sponge  in 
which  Ophiactis  and  Amphipholis  occur.  No  very  young  specimens  were 
found,  the  smallest  having  the  disk  2  mm.  across.  While  this  is  greatly  to 
be  regretted,  much  interesting  information  has  been  secured  from  the  young 
ones  that  were  obtained.  No  indication  of  schizogony  nor  of  variation 
from  the  typical  pentamerous  form  was  seen. 

COLORATION. 

Neither  Ophiactis  nor  Amphipholis  has  a  color  pattern  sufficiently 
distinctive  to  make  its  development  a  matter  of  any  significance,  but  as 
already  stated,  Ophiothrix  angulata  is  most  easily  distinguished  from  its 
nearest  ally  by  a  characteristic  color  pattern.  The  development  of  this 
pattern,  therefore,  is  of  no  little  interest.  The  youngest  joints  at  the  tip 
of  the  arm  are  colorless  and  contain  no  pigment.  In  the  third,  fourth,  or 
fifth  segment,  however,  a  little  pigment  begins  to  appear  and  gives  a  tinge 
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of  color,  deepening  with  the  increasing  age  of  each  successive  segment. 
This  pigment  is  bright  purple  of  a  deep  shade.  It  first  appears  in  the  side 
arm-plates  near  their  upper  ends  and  gradually  spreads  distally  and  to 
some  extent  ventrally.  It  soon  invades  the  margins  of  the  upper  arm- 
plates  and  follows  them  to  their  distal  end.  In  a  typical  case  it  is  very 
sharply  confined  to  the  sides  of  the  upper  arm-plates  and  fails  to  cross  from 
one  side  arm-plate  to  its  fellow  of  the  same  segment.  Consequently  there 
is  an  unbroken,  unpigmented  (i.  e,,  apparently  white)  stripe  along  the  dorsal 
surface  of  the  arm.  In  some  specimens  pigment  fails  to  invade  the  distal 
comers  of  the  upper  arm-plates  and  thus  there  appears  to  be  a  row  of  white 
spots  along  each  side  of  the  stripe;  or  the  pigment  may  fail  in  the  spine- 
bearing  ridge  of  the  side  arm-plates  and  then  the  dorsal  white  area  of  the 
arms  is  markedly  increased.  On  the  lower  side  of  the  arms  the  pigment 
also  spreads  longitudinally  in  the  side  arm-plates  and  in  the  margins  of  the 
lower  arm-plates,  but  it  rarely  if  ever  crosses  the  latter.  In  other  specimens 
the  pigment  spreading  in  the  margin  of  the  upper  arm-plates  follows  back 
along  the  converging  sides  to  the  proximal  end  and  there  is  confluent  with 
its  fellow  of  the  other  side  and  with  the  pigment  of  the  side  arm-plates. 
In  such  cases  the  longitudinal  white  line  is  broken  into  a  series  of  spots, 
formed  by  the  mid-anterior  and  central  parts  of  the  upper  arm-plates. 
When  pigment  is  formed  very  abundantly  the  white  stripe,  both  dorsally 
and  ventrally,  is  very  narrow  and  the  general  coloration  is  uniform  deep 
purple.  Many  specimens,  however,  are  not  at  all  deep  purple,  but  are 
very  light  colored,  or  are  brownish,  reddish,  or  greenish.  This  diversity  of 
color  is  very  easily  explained.  Light-colored  specimens  are  simply  those 
which  have  developed  little  pigment.  Green  specimens  are  those  in  which 
the  purple  pigment  is  masked  by  a  green  coloring-matter  acquired  after 
the  formation  of  the  purple;  whether  this  green  matter  is  another  pigment 
or  consists  of  symbiotic  algae  I  am  not  prepared  to  state,  as  no  study  of  the 
point  was  made  on  living  animals.  Brown  and  red  shades  are  produced  by 
the  masking  of  purple  by  other  substances.  In  all  cases,  however,  purple 
pigment  is  the  primitive  coloring-matter. 

The  coloration  of  Ophiothrix  osrstedii  begins,  like  that  of  angulata,  by 
the  development  of  pigment  in  the  upper  part  of  the  side  arm-plates.  But 
the  pigment  spreads  laterally  and  not  longitudinally  and  the  whole  develop- 
ment of  the  color-pattern  is  thus  entirely  different  from  that  of  angulata 
and  there  is  never,  and  naturally  there  can  not  be,  an  uninterrupted  white 
stripe  either  above  or  below.  The  first  bit  of  pigment  to  appear  may 
generally  be  seen  in  the  third  or  fourth  arm-segment  in  the  upper  part  of 
the  adoral  (proximal)  portion  of  the  side  arm-plate.  This  rapidly  spreads 
across  to  meet  its  fellow  from  the  opposite  side  and  also  descends  along  the 
side  arm-plate  ventrally,  where  it  also  ultimately  meets  its  fellow  from  the 
opposite  side  and  thus  completes  a  narrow  purple  ring  around  the  arm. 
Meanwhile  another  patch  of  pigment  arises  just  above  the  upper  arm-spine 
on  the  side  arm-plate  and  spreads  on  to  the  upper  arm-plate  and  down 
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along  both  sides  of  the  spine-bearing  ridge  of  the  side  arm-plate.  The 
later  behavior  of  this  pigmented  area  varies  more  or  less  in  different  speci- 
mens. In  what  may  perhaps  be  considered  typical  cerstedii,  the  two 
margins  (adoral  and  aboral)  of  the  area  accumulate  all  the  pigment  and 
the  nearly  or  quite  unpigmented  area  between  them  separates  them  sharply 
from  each  other.  In  such  specimens  the  upper  arm-plate  is  crossed  by  two 
heavily  pigmented  lines,  one  of  which  passes  down  the  side  arm-plate  adoral 
and  the  other  aboral  to  the  spine-bearing  ridge.  These  lines  extend  across 
the  under  arm-plates  and  thus  form  rings  encircling  the  arms.  E^ch  arm- 
segment,  in  an  individual  colored  like  this,  has  therefore  three  pigmented 
rings,  one  near  its  aboral  margin,  distal  to  the  spines,  one  near  its  middle 
just  proximal  to  the  spines,  and  the  third  at  its  adoral  margin.  In  many 
specimens,  however,  the  ring  either  just  distal  or  just  proximal  to  the  arm- 
spines  is  indistinct  or  lacking  and  the  one  which  is  present  is  very  broad  on 
both  the  upper  and  under  arm-plates.  The  same  obscuring  of  purple 
pigment  by  green  and  other  coloring  matters,  referred  to  under  angulata, 
occurs  in  this  species  also. 

It  is  obvious  from  the  above  account  that  the  color  pattern  of  neither  of 
these  species  of  Ophiothrix  can  be  derived  from  that  of  the  other  very  easily, 
since  one  is  due  to  a  longitudinal  and  the  other  to  a  transverse  distribution 
of  the  pigment.  While  it  is  true  that  some  specimens  of  angtdata  have  the 
dorsal  white  stripe  so  much  broken  up,  and  so  much  white  present  elsewhere 
on  each  segment,  that  they  are  easily  confused  with  (erstedii,  such  speci- 
mens do  not  show  definite  transverse  pigmented  rings.  Possibly  further 
rearrangement  of  their  pigment  might  give  rise  to  rings  and  we  could  thus 
say  the  transverse  pattern  was  evolved  from  the  longitudinal.  Evidence, 
however,  that  such  a  development  actually  occurred  is  wanting,  for  cbt- 
stedii  certainly  goes  through  no  stage  of  development  wherein  it  shows  any 
longitudinal  distribution  of  the  pigment. 

PODIA. 

As  is  well  known,  the  podia  of  adult  Ophiothrix  are  remarkable  for  their 
highly  papillose  surface.  It  is  a  matter  of  some  interest,  therefore,  to  note 
that  the  podia  of  the  3  or  4  terminal  segments  of  each  arm  are  perfectly 
smooth,  those  of  the  next  5  or  6  older  ones  are  rough  with  small  papillae, 
while  it  is  not  until  some  9  or  10  segments  are  developed  that  the  character- 
istic papillose  podia  are  present. 

DISK-COVERING. 

One  of  the  most  interesting  facts  in  the  development  of  Ophiothrix  was 
discovered  in  the  study  of  the  disk-covering.  Although  no  specimens  seen 
were  small  enough  to  show  simply  the  primary  plates,  the  specimen  only 
2  mm.  across  the  disk  shows  certain  primary  plates,  among  which  the 
central  one  is  conspicuous  (pi.  3,  fig.  18).  In  a  specimen  3.5  mm.  across 
the  disk  (pi.  3,  fig.  19),  it  will  be  noticed  that  the  central  plate  is  not  only 
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relatively  but  actually  smaller  than  when  younger.  Evidently  a  remarkable 
process  of  resorption  is  going  on.  The  extent  of  this  resorption  is  well  shown 
by  the  following  table: 


Diameter  of 

disk  in 
millimeten. 

Diameter  of 
central  plate. 

Length  of 
radial  shields. 

RaUoof 

radial  shields 

to  central 

plate. 

a 
3 

3.5 
5 

0.60 
.50 
.36 

.22 

O.SS 
1.00 
1.20 
X.8S 

0.91 
a.oo 
3-33 
8.40 

Besides  the  change  in  size,  another  change  is  going  on  in  this  plate» 
during  the  growth  of  the  disk  that  is  no  less  remarkable.  In  the  youngest 
specimen  examined  the  plate  is  a  smooth,  thin  sheet  of  lime,  entirely 
unperforated  except  for  a  number  of  minute  holes  around  the  margin.  As 
resorption  goes  on  these  holes  encroach  more  and  more  on  the  plate,  not  by 
increase  of  size  so  much  as  by  increase  of  number.  When  the  plate  is  only 
0.25  mm.  across,  the  unperforated  area  has  practically  disappeared,  and  after 
that  stage  is  reached  it  is  no  longer  practicable  to  distinguish  the  plate  from 
the  numerous  other  small  plates  at  the  center  of  the  disk.  It  can  not  be  said 
whether  the  plate  is  resorbed  entirely  or  whether  a  minute  portion  persists. 
It  will  be  noticed  that  this  plate  is  utterly  unlike  anything  hitherto  reported 
among  echinoderms.  Instead  of  beginning  as  a  triradiate  spicule,  and 
steadily  increasing  in  size  by  dichotomous  branching  and  fusing  of  the 
branches,  as  an  ediinoderm  plate  typically  does,  this  plate  starts  as  a  lat^e, 
homogeneous  disk  which  by  a  process  of  resorption  gradually  becomes  like 
its  associated  plates  in  both  size  and  structure.  In  the  present  state  of  our 
knowledge  it  is  futile  to  speculate  on  the  significance  or  homologies  of  this 
peculiar  plate. 

Very  early  in  the  formation  of  the  disk-covering,  but  not  while  the 
primary  plates  (excepting  indeed  the  central)  are  still  conspicuous,  there 
begin  to  arise  (in  association  with  the  plates)  vertical  rods  trifurcate  at 
their  free  end.  These  trifurcate  spinelets  are  usually  found  one  to  a  plate, 
but  on  the  radial  shields  there  may  be  a  number,  arranged  in  series  of  3 
or  4,  parallel  to  the  radial  margin  of  each  plate.  At  first  there  are  no 
spinelets  associated  with  the  central  plate,  but  when  the  disk  is  about 
4  mxa.  across  there  may  be  as  many  as  5  spinelets  upon  it.  During  youth 
the  spinelets  are  all  of  approximately  uniform  height  and  terminate  in  3 
sharp  teeth  of  moderate  length;  but  as  maturity  is  reached  some  of  these 
spinelets  grow  out  into  spines,  not  unlike  the  arm-spines  in  length  and 
appearance.  They  are  two  or  three  times  as  long  as  the  spinelets.  The 
number  and  distribution  of  these  disk-spines  is  very  diversified  and  the 
appearance  of  the  disk  is  greatly  modified  by  their  appearance.  As  a  rule, 
it  may  be  assumed  that  the  presence  of  these  spines  in  abundance  is  indica- 
tive of  age  and  their  absence  is  indicative  of  youth,  but  the  rule  is  by  no 
means  unvarying.  The  number  of  spines  and  spinelets  on  the  radial  shields 
is  another  variable  factor  in  the  appearance  of  the  species.    When  the 
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radial  shields  are  small  {i,  e.,  in  the  young  individuals)  a  few  spinelets 
(3  to  6)  will  give  them  the  appearance  of  being  well  covered,  but  as  they 
increase  in  size,  if  the  number  of  spinelets  does  not  increase  they  soon  have 
the  appearance  of  being  quite  bare.  In  adults  the  shields  may  have  very 
few  spinelets,  possibly  none,  and  no  spines,  but  it  is  just  as  common  to  find 
each  shield  with  10  or  12  spinelets  and  3  or  4  spines.  The  bareness  of  the 
radial  shields  is  therefore  not  a  reliable  specific  character  in  angukUa. 

MOUTH-PARTS. 

The  mouth-parts  of  Ophiothrix  are  essentially  different  from  those  of 
Ophiactis  and  Amphipholis,  since  there  are  no  oral  papillae,  but  a  group  of 
dental  papillae  are  borne  on  the  lower  (ventral)  end  of  the  torus,  below  the 
teeth.  None  of  my  specimens  are  young  enough  to  show  a  stage  of  develop- 
ment in  which  teeth  are  present  but  no  dental  papillae,  though  there  can 
be  no  possible  doubt  of  the  existence  of  such  a  stage.  In  the  youngest 
specimen  I  have  examined,  the  torus  is  already  expanded  at  its  lower  end 
(pi.  3,  fig.  15)  and  bears  a  group  of  6  or  7  dental  papillae,  above  which  are 
4  teeth  (pi.  3,  fig.  17).  Resorption  back  of  the  teeth  goes  on  as  in  the  genera 
already  described,  but  in  Ophiothrix  the  foramina  thus  formed  are  often 
bisected  by  a  more  or  less  complete  bar  at  right  angles  to  the  long  axis  of 
the  foramen  (pi.  3,  fig.  16).  This  indicates  that  the  fully  developed  teeth 
have  two  slightly  separated  roots  and  shows  greater  specialization  than  in 
Ophiactis  and  AmphiphoHs.  The  number  of  teeth  in  angulata  is  4  or  5, 
while  the  number  of  dental  papillae  increases  throughout  growth,  and  a 
large  specimen  may  have  as  many  as  17  (in  the  big  E^t  Indian  Ophiothrix 
longipeda  there  may  be  more  than  30).  The  first  dental  papillae  arise  in  a 
pair,  side  by  side,  below  the  lowest  tooth;  beneath  them  the  growing  torus 
expands  a  little  and  a  new  papilla  forms  near  the  margin  on  each  side;  these 
two  are  thus  a  little  separated  from  each  other.  A  third  pair  arises  below 
them  at  the  sides  of  the  still  expanding  torus  and  the  space  thus  left  near 
the  center  of  the  expanded  portion  of  the  torus  is  filled  by  the  formation  of  a 
seventh  papilla.  Subsequently,  although  the  torus  may  increase  much 
in  length,  it  does  not  expand  greatly  and  the  dental  papillae  are  thus  arranged 
in  two  slightly  curved  marginal  rows  (one  on  each  side)  and  an  irregular 
median  series.  In  the  adult,  resorption  has  formed  foramina  back  of  the 
upper  dental  papillae  just  as  it  has  back  of  the  teeth  (pi.  3,  fig.  16).  It  is 
perfectly  clear,  therefore,  from  all  these  facts,  that  the  dental  papillae  are 
strictly  homologous  with  the  teeth  and  are  not  in  any  way  to  be  homologized 
with  the  oral  papillae  of  other  genera.  As  already  stated,  there  are  no  oral 
papillae  in  Ophiothrix,  the  oral  tentacles  being  unprotected  and  conspicu- 
ously exposed  on  the  hollowed  sides  of  the  jaw. 

ARM-BONES  OR  VERTEBRffi. 

The  vertebrae  of  Ophiothrix  are  as  different  from  those  of  Ophiactis  and 
AmphiphoHs  as  are  the  jaws,  yet  their  development  is  so  similar  as  to  call 
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for  no  especial  comment.  In  the  young  vertebra  of  angulata  (pi.  2,  fig.  7), 
besides  the  excessive  length,  we  note  the  very  low  proximal  (adoral)  and  the 
very  high  distal  (aboral)  ends,  the  slight  development  of  the  alae,  the  well- 
developed  aboral  and  median  hypapophyses,  the  conspicuous  protapophysis, 
and  a  pair  of  hollowed  projections  above  the  zygosphene,  which  we  may 
call  the  zygoccsles.  In  the  later  development  of  the  vertebra  the  length 
only  increases  about  one-half,  while  the  height  anteriorly  increases  3.5 
times,  and  posteriorly  more  than  6  times.  The  adult  vertebra  is  about  a& 
high  as  it  is  long,  while  the  width  of  the  alae  exceeds  the  total  length.  Seen 
from  above  (pi.  2,  fig.  9),  the  most  striking  feature  is  the  very  narrow 
protapophysis,  the  immense  zygantrum,  the  very  small  and  insignificant 
epanapophysis,  the  reduced  epapophyses  (particularly  the  median  one), 
the  broad  parapophyses  and  hypapophyses.  Seen  from  the  side  (pi.  2, 
fig.  8)  the  great  height  of  the  protapophysis,  the  bulging  zygocoeles,  the 
long  zygosphene,  and  the  prominent  hypapophyses,  all  attract  attention. 
Looking  at  the  vertebra  from  below  (pi.  2,  fig.  1 1),  the  breadth  of  the  taphrus 
and  zygosphene  are  the  most  notable  features.  Looking  at  the  aboral  end 
(pi.  2,  fig.  10)  we  are  again  struck  by  the  high,  narrow  protapophysis,  the 
conspicuous  zygosphene  and  the  zygocoeles,  while  the  broad  alae  furnish 
a  fitting  background.  At  the  adoral  end  (pi.  2,  fig.  12)  the  reduced  area  of 
the  alae  caused  by  the  huge  zygantrum,  the  small  zygotreme,  within  which 
is  a  small  knob  that  may  be  called  the  zygophore,  and  the  large  adoral  zyga- 
pophyses  are  the  principal  features.  We  may  then  say  that  the  adult 
vertebra  is  short  and  high,  as  in  Ophiactis,  but,  in  contrast  to  that  genus, 
the  zygantrum  is  large,  the  protapophysis  is  narrow,  high,  and  projecting, 
the  epanapophysis  is  insignificant,  and  the  adoral  hypapophysis  is  large. 

The  joint  formed  by  two  vertebrae  is  more  complicated  than  that  in 
Ophiactis.  The  protapophysis  of  each  vertebra  fits  into  the  zygantrum  of 
the  next  distal  segment  and  a  compact  mass  of  muscles,  attached  at  their 
outer  ends  to  the  sides  of  the  cavity,  hold  the  protapophysis  in  position; 
the  inner  ends  of  these  muscles  are  attached  on  either  side  of  the  prota- 
pophysis. The  zygocoeles  serve  as  sockets  for  the  zygapophyses,  while  the 
epanapophysis  of  the  distal  vertebra  rests  lightly  on  them,  the  zygosphene 
meanwhile  fitting  into  the  zygotreme  and  resting  against  the  zygophore. 
The  aboral  hypapophyses  fit  outside  and  beneath  the  adoral  pair  of  the 
distal  segment.  This  articulation  is,  therefore,  considerably  more  complex 
than  the  one  described  on  p.  102  and  yet  it  may  permit  just  as  much  freedom 
of  movement.  The  lateral  flexures  of  the  arm  could  certainly  be  made 
more  vigorously  and  a  curved  position  held  more  rigidly  than  in  forms  with 
less-developed  zygantra  and  protapophyses.  Possibly  the  reduced  epana- 
pophysis permits  a  greater  freedom  in  vertical  movements,  but  it  may  be 
that  the  larger  adoral  hypapophyses  counteract  this  tendency. 

Although  the  development  of  the  vertebra  is  along  the  same  lines  as  in 
OphiactiSt  there  is  a  constantly  increasing  difference  between  that  genus  and 
Ophiothrix.    After  the  two  halves  of  the  vertebra  have  come  to  lie  close 
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beside  each  other,  the  progress  of  development  in  the  two  genera  is  quite 
unlike.  There  is  at  no  time  an  **Ophiactis  stage"  in  the  development  of 
the  Ophiothrix  vertebra.  No  other  fact  noted  has  so  strongly  impressed 
me  with  the  radical  difference  between  Ophiothrix  and  the  other  two  genera 
studied. 

ARM-PLATES. 

In  the  development  of  the  arm-plates,  Ophiothrix  shows  a  striking 
difference  from  Ophiactis  and  AmphiphoUs.  As  in  those  genera,  the  side 
arm-plates  are  the  first  to  appear  and  are  almost  immediately  followed  by 
the  under  arm-plate,  but  in  Ophiothrix  the  growth  of  the  under  arm-plate 
is  so  rapid  and  vigorous  that  the  side  arm-plates  never  meet  ventrally,  but 
are  from  the  first  kept  apart  by  the  under  arm-plates.  The  latter  are  in 
contact  with  each  other  throughout  the  entire  length  of  the  arm.  The 
upper  arm-plates,  on  the  contrary,  are  very  small  near  the  tip  of  the  arm 
and  it  is  not  until  15  or  20  segments  have  been  formed  that  they  are  suffi- 
ciently large  to  separate  wholly  the  side  arm-plates.  Even  at  the  base  of 
the  arm,  the  basal  (adoral)  end  of  the  upper  arm-plates  is  so  narrow  that 
the  side  arm-plates  of  any  one  segment  are  not  widely  separated  from  each 
other  as  they  are  ventrally.  The  spine-bearing  ridge  of  the  side  arm-plates 
is  very  well  developed,  so  that  the  arms  appear  to  be  constricted  between 
them,  and  this  appearance  is  accentuated  by  the  fact  that  the  broader, 
distal  end  of  each  upper  arm-plate  is  somewhat  swollen.  The  side  arm- 
plates,  like  the  vertebrae,  are  relatively  very  much  longer  distally  than  near 
the  base  of  the  arm. 

ARM-SPINES  AND  TENTACLE-SCALES. 

In  Ophiothrix,  as  in  Ophiactis,  the  lowest  arm-spine  is  the  first  to  appear. 
It  is,  on  the  first  segment,  a  simple,  smooth,  straight  rod  with  an  enlarged 
base  (pi.  3,  fig.  i),  but  by  the  time  a  second  segment  has  formed  it  begins 
to  curve  at  the  tip  and  becomes  broader  and  somewhat  flattened  (pi.  3, 
fig.  2).  On  the  third  segment  it  is  distinctly  curved  at  the  tip  and  a  tooth 
is  evident  on  the  concave  side  (pi.  3,  fig.  3).  On  the  fourth  segment  this 
tooth  has  become  conspicuous  and  another  one  has  arisen  below  it  (i.  e,, 
nearer  the  base  of  the  spine),  while  the  spine-base  is  notably  large  and 
projecting  (pi.  3,  fig.  4).  On  the  sixth  segment  these  various  features  are 
all  accentuated  (pi.  3,  fig.  5)  and  on  succeeding  segments  the  spine  may  be 
said  to  show  its  characteristic  form  (pi.  3,  fig.  6).  As  the  animal  matures, 
these  lowest  arm-spines  begin  to  undergo  a  sort  of  retrograde  change  which 
well  illustrates  Hyatt's  principle  of  senescence.  Thus  if  the  lowest  arm- 
spine  on  the  twentieth  or  thirtieth  segment  from  the  mouth  be  examined, 
on  an  adult  arm,  it  will  be  found  essentially  like  that  on  the  twentieth 
segment  from  the  tip.  But  if  one  from  somewhere  about  the  twelfth  basal 
segment  be  looked  at  (pi.  3,  fig.  7),  it  will  be  found  to  be  obviously  different 
from  any  of  the  lowest  arm-spines  of  the  middle  portion  of  the  arm;  except 
that  it  is  immensely  stouter,  it  is  more  like  that  of  the  fourth  segment 
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from  the  arm-tip.  It  has  one  notable  peculiarity  in  that  foramina  are 
beginning  to  open  through  it.  Examination  of  the  lowest  spine  of  segment 
nine,  counting  from  the  mouth,  shows  (pi.  3,  fig.  8)  a  still  further  reduction 
of  teeth,  particularly  the  terminal  one,  while  there  is  a  corresponding 
development  of  the  foramina.  The  lowest  spines  of  the  segments  still 
nearer  the  mouth  (pi.  3,  figs.  9  and  10),  show  these  tendencies  carried  still 
further.  Indeed,  except  for  their  smaller  size,  these  basal  lowest  spines  are 
not  essentially  different  from  the  ordinary  spines  of  the  arm. 

The  development  of  the  other  arm-spines  offers  no  such  interesting 
features  as  those  shown  by  the  lowest.  The  next  to  the  lowest  is  the  second 
one  to  appear  and  is  generally  present  on  the  second  segment.  The  others 
appear  in  regularly  vertical  sequence  dorsally.  The  third  spine  is  to  be 
found  on  the  fourth  segment  from  the  tip  and  the  fourth  on  the  ninth.  It  is 
not  until  about  40  segments  are  developed  that  a  fifth  spine  appears,  while 
the  arm  has  no  less  than  60  joints  when  the  sixth  spine  is  to  be  seen.  A 
seventh  spine  will  arise  if  about  75  joints  are  formed,  and  an  eighth  if  the 
number  is  about  90.  I  have  not  found  more  than  8  spines  in  any  specimen, 
and  think  that  6  or  7  is  the  characteristic  number  for  the  species. 

The  tentacle-scales  are  reduced  to  very  narrow,  sharp  spinelets,  which 
are  quite  lacking  at  the  tip  of  the  arm.  The  first  indication  of  them  is  on 
the  sixth  or  seventh  segment,  where  a  minute  one  is  to  be  found  on  each 
side,  connected  with  the  lowest  part  of  the  side  arm-plate.  They  never 
reach  a  large  size,  but  even  on  the  basal  segments  give  the  impression  of 
being  functionless  remnants.  There  is  no  indication  whatever  of  homology 
with  an  arm-spine. 

SUMMARY  OF  GROWTH  CHANGES  IN  OPHIOTHRIX  ANGULATA. 

1.  Although  the  coloration  is  distinctive,  it  is  acquired  very  early  without 

passing  through  any  recognizable  stages.  It  is  due  to  the  deposit 
of  purple  pigment  in  the  arm-segments  longUudinaUy  and  the 
usually  complete  failure  of  any  pigment  to  cross  the  median  line 
either  dorsally  or  ventrally .  When  the  color  is  other  than  some 
shade  of  purple,  it  is  due  to  the  masking  of  the  purple  pigment 
by  a  secondarily  added  color. 

2.  The  first-formed  podia  are  smooth,  as  is  usual  in  ophiurans,  and  the 

papillose  condition  characteristic  of  the  genus  Ophiothrix  is  only 
acquired  after  about  10  segments  are  complete. 

3.  The  central  plate  of  the  youngest  specimens  examined  is  a  dispro- 

portionately large,  homogeneous,  thin  disk  with  a  few  minute  per- 
forations around  the  margin.  During  the  growth  of  the  disk  this 
plate  is  gradually  resorbed,  becoming  not  only  much  smaller 
(actually  as  well  as  relatively)  but  more  and  more  reticulate  from 
the  increasingly  numerous  foramina. 

4.  The  disk-plates  carry  trifid  spinelets,  which  not  only  become  more 

numerous  with  growth  of  the  disk,  but  have  a  tendency  to  elongate 
into  slender  spines.  The  number  of  these  disk-spines  is  very  much 
subject  to  individual  diversity. 

5.  There  are  no  oral  papillae  in  Ophiothrix,  but  after  4  or  5  teeth  are 

formed,  dental  papillae  (homologous  with  the  teeth,  but  much 
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smaller)  arise  in  double  and  then  in  triple  series  ventral  to  the 
teeth.  The  torus  expands  correspondingly,  and  in  maturity  the 
lower  dental  papillae  may  be  in  irregular  quadruple  or  quintuple 
series,  though  the  lowest  series  are  triple  or  only  double,  like  the 
highest.  Resorption  of  the  torus  occurs  back  of  the  largest  dental 
papillae  just  as  it  does  back  of  the  teeth. 

6.  The  vertebrae  are  remarkable  for  the  high,  narrow  protapophysis 

anteriorly  and  the  large  zygantrum  and  very  small  epanapophysis 
posteriorly.  The  chief  articulation  between  two  vertebrae  is 
formed  by  the  protapophysis  of  one  and  the  zygantrum  of  its  distal 
fellow.  Other  peculiarities  of  the  mature  vertebrae  are  a  pair  of 
zygocoeles  above  the  zygosphene  and  a  small,  round  knob,  the 
zygophore,  in  the  zygotreme.  The  zygapophjrses  and  adoral 
hypapophyses  are  well  developed. 

7.  The  side  arm-plates  are  separated  throughout  the  whole  length  of  the 

arm,  even  in  the  first  segment,  by  the  under  arm-plates,  so  that 
ventrally  the  two  side  arm-plates  of  any  given  segment  are  never 
in  contact.  Dorsally  those  of  the  first  15  or  20  segments  do  meet 
each  other  in  the  mid-dorsal  line,  but  thereafter  the  upper  arm- 
plates  keep  them  apart.  The  spine-bearing  ridges  of  the  side  arm- 
plates  are  quite  prominent,  especially  on  the  older  segments. 

8.  The  lowest  arm-spine,  the  first  to  arise,  begins  as  a  straight,  slender 

rod,  but  rapidly  develops  into  a  characteristic  3-toothed  hook. 
At  the  base  of  the  arm,  by  a  process  of  senescence,  it  is  gradually 
transformed  into  a  nearly  straight,  rough,  fenestrated  spine  like 
those  dorsal  to  it. 

9.  There  are  only  4  (distally  fewer)  arm-spines  on  the  first  40  segments  and 

the  full  number  for  the  species  (6  or  7)  does  not  appear  until  60 
or  75  segments  are  complete, 
so.  The  tentacle-scales  are  reduced  to  mere  spinules  associated  with  the 
basal  part  of  the  side  arm-plate.  They  do  not  appear  until  after 
6  or  7  segments  are  formed  and  they  never  seem  to  be  of  any 
functional  importance. 

SUMMARY  AND  CONCLUSIONS. 

Although  references  to  changes  in  appearance,  or  in  details  of  structure, 
•during  the  transition  from  young  to  adult  brittle-star  are  to  be  found  in 
many  of  the  writings  of  Lyman,  Ltitken,  Verrill,  Grieg,  Koehler,  de  Loriol, 
and  other  less  well-known  workers,  no  attention  to  the  sequence  or  signifi- 
cance of  these  changes  has  been  paid,  up  to  the  present  time,  save  by 
Ludwig  and  Mortensen.  And  although  it  has  been  a  generally  accepted 
and  well-known  fact  that  the  terminal  segments  of  the  adult  ophiuran  arm 
are  the  youngest,  no  use  has  been  made  of  the  important  corollary  that  these 
segments  reveal  the  developmental  stages  through  which  the  arm  has 
passed.  The  present  report  has  endeavored  to  make  full  use  of  this  corollary 
in  studying  the  development  of  Ophiactis,  Amphipholis,  and  Ophiothrix.  Its 
great  value  lies,  of  course,  in  the  fact  that  even  where  only  a  single  specimen 
of  a  species  is  available,  and  that  specimen  adult,  if  a  single  arm  is  complete 
to  its  terminal  plate  the  development  of  that  species  throughout  its  post- 
larval  growth,  so  far  as  the  arms  are  concerned,  can  be  read  almost  as 
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plainly  and  satisfactorily  as  if  a  large  series  of  young  specimens  were  avail- 
able. Obviously  this  is  not  true  of  the  disk.  I  would  emphasize,  therefore, 
as  the  first  conclusion  of  these  studies,  this  truth  of  the  very  great  importance 
of  localized  stages  in  the  distal  part  of  the  ophiuran  arm.  The  other  con- 
clusions which  follow  are  taken  directly  from  Ludwig's  very  valuable  paper 
"Jugendformen  von  Ophiuren"  (1899),  supplemented  by  Mortensen's 
observations  on  Asteronyx  (1912)  and  by  my  own  work.  The  following  list 
shows  the  species  of  brittle-stars,  the  growth-changes  of  which  have  been 
more  or  less  fully  studied : 

OpkiacUs  aspenda  (Philippi).  Amphiura  mageUanica  Ljungman. 

krdyeri  LOtken.  OphiacatUha  woipara  Ljungman. 

savignyi  (Mailer  &  Troschel).  Ophiothrix  angulata  (Say). 

AmphiphoUs  patagonica  Ljungman.  Ophiomyxa  vivipara  Studer. 

sguamata  (Delle  Chiaje).  Asteronyx  laoeni  Mtiller  &  Troschel. 

This  list  strikingly  demonstrates  the  paucity  of  facts  on  which  to  base 
a  classification  of  brittle-stars.  We  have  a  fair  knowledge  concerning  the 
growth-changes  of  10  of  the  species  (out  of  approximately  1,100!),  but  these 
represent  only  7  genera  and  perhaps  5  families.  It  may  be  added  that  a 
considerable  number  of  facts  are  recorded  concerning  changes  during 
development  from  young  to  adult  of  several  euryalids  {Euryale,  Gorgono- 
cephalus)^  but  in  no  one  species  has  any  series  of  changes  been  followed. 

The  following  conclusions,  a  summary  of  our  knowledge  to  date,  will 
serve  as  a  basis  for  further  work  and  may  prove  useful  in  future  attempts  to 
properly  locate  doubtful  genera  and  difficult  species.  Continued  study  of 
growth-changes  will  ultimately  lead  to  a  natural  classification  of  ophiurans. 

1.  The  terminal  segments  of  the  arm  are  the  youngest;  passing  from  the 

terminal  plate  towards  the  disk,  each  succeeding  segment  is  older. 
The  segments  in  their  individual  development  pass  through  the 
same  stages  that  the  arm  has  passed  through  in  its  development  and 
therefore  the  terminal  portion  of  the  arm  is  made  up  of  localized 
stages,  to  use  Jackson's  (1899)  expressive  term,  which  reveal  the 
developmental  or  ontogenetic  stages  of  the  arm  as  a  whole.  The 
study  of  the  terminal  portion  of  the  arm  in  great  detail  is  necessary 
therefore  to  the  proper  understanding  of  the  relationships  of  any 
brittle-star. 

2.  The  original  disk-covering  in  ophiurans  consists  of  a  central  and 

5  radial  plates;  interradial  plates  are  a  somewhat  later  addition r 
the  radial  shields  still  later;  further  development  of  both  radial 
and  interradial  plates  between  the  primary  plates  is  a  more  ad- 
vanced stage;  the  development  of  spinules  and  spines  in  connection 
with  the  disk-plates  is  further  evidence  of  specialization;  and  the 
resorption  of  the  disk-plates  or  their  concealment  by  thick  skin 
or  by  a  coat  of  granules  must  be  regarded  as  still  more  advanced 
stages  in  the  development  of  disk-coverings. 

3.  The  rc^ial  shields  are  originally  small  and  comparable  to  any  of  the 

other  secondary  disk-plates.  Their  development  to  a  large  size 
is  evidence  of  specialization.  The  lai^r  the  radial  shields  in 
proportion  to  the  other  disk-plates,  the  more  specialized  is  the  disk- 
covering,  other  factors  (such  as  granule  formation)  being  equal. 
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4.  The  oral  shields  lie  originally  on  the  dorsal  surface  and  only  by  subse- 

quent developmental  dianges  come  to  lie  on  the  ventral  side. 
The  apparent  exception  shown  by  Asteronyx  seems  to  me  an  un- 
doubtedly secondary  condition;  this  is  indicated  by  their  late  and 
unequal  appearance. 

5.  The  adoral  plates  develop  from  the  second  pair  of  adambulacral 

(=  side  arm)  plates.  A  large  size  relaiivdy,  as  compared  with 
the  oral  shields,  is  a  primitive  condition,  but  a  large  size  actually, 
so  that  they  are  equal  to  or  exceed  the  basal  side  arm-plates,  is  a 
secondary  and  specialized  condition.  On  the  other  hand,  their 
great  reduction  or  entire  absence  is  also  a  very  specialized  con- 
dition.^ 

6.  The  jaws  (oral  plates)  arise,  in  large  part  at  least,  from  the  first  pair  of 

adambulacral  plates.  Obviously  the  more  clearly  they  show  their 
origin  the  more  primitive  is  their  character,  while  the  more  com- 
pletely they  are  fused  and  overshadowed  by  either  the  torus  or 
the  adoral  plates,  the  more  specialized  is  their  condition. 

7.  The  torus  arises,  at  the  tip  of  the  jaw,  as  a  small  plate  not  much  higher 

than  wide.  A  low,  wide  torus,  therefore,  indicates  a  primitive 
condition,  while  a  high,  narrow  one  or  a  high  one  expanded  at  the 
lower  end  indicates  specialization. 

8.  The  teeth  arise  in  association  with  the  torus,  but  not  as  a  part  of  it. 

The  uppermost  tooth  of  the  adult  was  the  first  one  developed,  the 
later  teeth  appearing  below  it  successively.  Obviously,  a  small 
number  of  teeth  is  a  primitive  condition,  and  the  same  is  true 
where  the  lower  teeth  are  evidently  smaller  than  the  uppermost. 
Young  teeth  are  sharply  pointed;  therefore  pointed  teeth  are  evi- 
dently more  primitive  tihan  those  which  are  rounded  or  truncate. 
A  large  number  of  truncate  teeth  of  equal  size  shows  a  decidedly 
specialized  condition. 

9.  The  dental  papilla^  where  they  occur,  are  homologous  with  the  teeth, 

but  are  a  modified  form  of  the  latter.  Their  occurrence  is  there- 
fore undoubtedly  a  mark  of  specialization,  the  degree  of  which 
may  be  indicated  by  their  number  and  arrangement. 

10.  The  oral  papUke  arise  in  connection  with  the  first  and  second  adambu- 

lacral plates  (i.  e.,  the  orals  and  the  adorals)  and  appear  to  be 
homologous  with  tentacle-scales.  There  is  as  yet  no  evidence  to 
determine  whether  their  entire  absence  is  a  primitive  or  highly 
specialized  condition.  Possibly  it  may  be  either.  There  is  evi- 
dence to  show  that  at  least  a  relatively  primitive  condition  is 
indicated  when  there  is  one  papilla  in  connection  with  each  oral 
and  each  adoral  plate.  There  can  be  scarcely  any  doubt  that  the 
presence  of  more  than  one  papilla  in  association  with  each  of  these 
plates  indicates  specialization,  the  degree  of  which  is  suggested 
by  the  number  of  such  papillae.  The  primitive  form  of  oral- 
papillae  appears  to  be  scale-like,  flat  with  rounded  tip;  pointed  and 
spine-like  papillae  are  specialized  forms. 

11.  The  genitai-sUts  or  bursal  openings  appear  very  early,  one  on  each  side 

of  the  base  of  the  arm.    The  evidence  is  still  lacking  as  to  whether 

>  In  Mortensen'fl  (19x2)  yeiy  valuable  and  interesting  account  of  growth-changet  in  Asteronyx,  he  speaks 
of  the  "sdtenmundschilder'*  being  resorbed  and  later  as  being  greatly  reduced.  But  examination  of  his 
adminble  figures  shows  there  has  been  no  resorption j  the  fact  is  that  having  reached  a  relatively  large  sixe 
Quickly,  thefr  later  growth  has  been  slower  than  that  ot  the  rest  of  the  disk;  thus  in  his  specimen  1.9  mm.  across 
tne  disk,  the  adoral  plates  are  each  0.5s  mm.  long,  in  the  specimen  3*5  mm.  across  t^  disk,  they  are  0.60  mm. 
Jong,  and  in  the  specimen  2s  mm.  across  they  are  3  mm.  long.    Surely  there  is  no  resorption  here. 
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their  absence  is  a  primitive  or  specialized  condition.  Perhaps  it 
may  be  either.  In  any  case,  the  fusion  of  the  margins  of  the  slit 
so  as  to  form  two  openings  on  each  side  of  the  arm-base  is  un- 
doubtedly a  highly  specialized  condition. 

12.  The  arm-bones  or  vertebrce  arise  by  the  fusion  of  two  skeletal  pieces 

lying  side  by  side  above  the  radial  water-tube.  They  are  at  first 
relatively  elongated  and  low,  with  the  two  component  halves 
distinguishable  and  the  articulation  resembling  a  simple  ball- 
and-socket  joint.  Specialization  is  indicated  by  loss  of  indication 
of  the  bilateral  origin,  by  greatly  increased  height,  and  hence  a 
relatively  short  longitudinal  axis,  a  greatly  increased  number  of 
elevations,  projections,  and  ridges  for  the  attachment  of  muscles, 
and  an  articulation  complicated  by  development  of  zygapophyses, 
protapophysis,  and  epanapophysis.  Owing  to  changes  from  com- 
pression and  other  causes  the  vertebrae  of  the  basal  arm-segments 
do  not  reveal  the  typical  form  for  the  species.  At  about  8  or  lo 
segments  from  the  mouth  the  vertebrae  of  an  adult  ophiuran  with 
40  or  more  arm-joints  are  fairly  typical,  but  after  a  dozen,  or  even 
fewer  (in  less  mature  individuals)  segments  further  out,  youthful 
characters  begin  to  show  and  the  vertebrae  become  less  and  less 
typical  as  we  approach  the  terminal  segments  of  the  arm. 

13.  The  terminal  plate  of  the  arm  is  the  first  formed.     It  is  originally  a  flat 

or  concave  plate  on  the  upper  side  of  the  tip  of  the  water-tube. 
It  grows  down  and  around  the  tube  and  by  ventral  union  becomes 
a  cylinder.  The  distal  margin  of  this  cylinder  may  bear  one  to 
several  teeth  or  splnelets.  It  may  become  enlai^ed  proximally 
and  even  conspicuously  cup-shaped,  but  such  changes  indicate 
specialization  of  some  kind.  The  most  primitive  condition  is 
undoubtedly  a  simple  plate  or  a  half-formed  cylinder;  a  complete 
cylinder  shows  at  least  some  specialization. 

14.  The  side  arm-plates  are  the  first  plates  of  an  arm-segment  to  appear. 

They  grow  rapidly  and  soon  meet  each  other  in  the  midndorsal 
and  mid-ventral  lines,  where  they  are  In  close  contact,  although 
they  do  not  fuse.  They  inclose  the  rudiments  of  the  vertebrae, 
which  do  not  arise  until  they  are  well  begun.  In  later  develop- 
ment they  may  be  more  or  less  separated  from  each  other  ventrally 
by  the  development  of  the  under  arm-plates  and  dorsally  by  the 
upper  arm-plates.  At  first  they  are  low  and  longitudln^dly  elon- 
gated, the  whole  segment  being  long  and  flat.  In  their  usual 
developinent  the  height  increases  much  more  rapidly  than  length 
and  they  consequently  tend  to  become  short  and  high.  The  distal 
margin  is  somewhat  thickened  and  bears  one  or  more  arm-spines. 
It  may  become  notably  enlarged  and  a  conspicuous  spine-bearing 
ridge  may  be  developed,  whldi  in  the  course  of  growth  comes  to 
lie  in  the  median  vertical  region  of  the  plate.  The  distal  margin 
of  the  lower  end  of  each  side  arm-plate  may  be  more  or  less  deeply 
grooved  for  the  passage  of  the  podium  (tube-foot)  and  usually  a 
tentacle-scale  arises  at  the  same  point.  Evidently  then,  long, 
low  side  arm-plates,  meeting  above  and  below  and  with  no  spine- 
bearing  ridge  or  tentacle-groove,  show  a  primitive  condition  of 
the  arm-segment,  while  short,  high  side  arm-plates  separated  above 
and  below,  with  a  conspicuous  spine-bearing  ridge  and  a  notice- 
able tentade-groove,  indicate  considerable  specialization.  All  con- 
ditions between  these  two  extremes  may  be  found. 
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15.  The  under  arm-plate  arises  very  soon  after  the  formation  of  the  side 

arm-plates  and  may  even  precede  the  formation  of  the  vertebral 
rudiments.  It  is  at  first  small  and  lies  on  the  oral  side  of  the  arm, 
in  the  median  line  just  distal  to  the  side  arm-plates.  It  may  grow 
backward  (adorally)  sufficiently  to  completely  separate  the  side 
arm-plates  and  it  then  comes  in  contact  with  its  fellow  on  the 
succeeding  segment.  In  such  cases  the  under  arm-plates  are  more 
or  less  clearly  in  contact  throughout  the  entire  length  of  the  arm. 
There  is  no  doubt  that  small,  widely  separated  under  arm-plates 
are  the  simple,  primitive  arrangement  and  large  under  arm-plates 
in  contact  with  each  other  indicate  specialization.  The  absence 
of  under  arm-plates  or  their  occurrence  in  irregular  series  and  of 
diverse  sizes  are  certainly  indicative  of  specialized  conditions. 

16.  The  upper  arm-plates  are  the  last  of  the  arm-plates  to  arise,  but  they 

appear  usually  not  long  after  the  under  arm-plates  and  follow  a 
similar  line  of  development.  Small,  widely  separated  upper  arm- 
plates  are  undoubtedly  a  primitive  condition,  while  large  upper 
arm-plates,  in  contact  with  each  other  and  separating  the  side  arm- 
plates,  are  certainly  specialized.  On  the  other  hand,  absence  of 
upper  arm-plates,  if  associated  with  large  side  arm-plates  broadly  in 
contact  in  the  mid-dorsal  line,  shows  a  primitive  type  of  structure, 
while  absence  of  upper  arm-plates  if  associated  with  widely  sepa- 
rated side  arm-plates  is  probably  a  highly  specialized  condition. 

17.  The  lowest  arm-spine  is  the  first  to  appear,  as  a  rule,  though  the  one 

just  above  it  may  accompany  or,  in  very  rare  cases,  slightly  pre- 
cede it.  Succeeding  spines  arise  dorsal  to  the  earlier-formed  and 
the  number  increases  slowly  with  the  age  of  the  segment  until  the 
number  characteristic  of  the  species  is  attained.  This  number  is 
commonly  to  be  found  on  about  the  tenth  segment  from  the  mouth 
and  thence  distally  for  a  variable  number  of  segments.  On  the 
basal  arm-segments  the  number  is  always  fewer  dian  normal,  but 
whether  the  influence  of  the  disk  has  promoted  resorption  or  pre- 
vented formation  of  the  full  number  has  not  been  ascertained. 

18.  The  hook-shaped  form  of  the  young  lowest  arm-spine  is  not  character- 

istic of  any  particular  family  of  brittle-stars,  but  its  persistence 
and  perfecting  on  the  mature  segments  of  the  middle  arm  may 
be  a  family  or  at  least  a  generic  character.  Young  spines  arise 
as  straight  rods,  but  soon  become  hooked  or  give  rise  to  tooth- 
like projections.  They  usually  acquire  a  secondary  straightness. 
Young  spines  are  solid,  but  may  become  hollow  with  increasing 
size.    Hollow  spines  undoubtedly  indicate  a  specialized  condition. 

19.  The  tentacle-scales  may  arise  as  early  as  the  under  arm-plate  and 

before  the  lowest  arm-spine,  or  their  appearance  may  be  delayed 
until  after  several  spines  have  been  developed.  Each  tentacle- 
scale  is  at  first  flat  and  rounded  and  is  associated  with  the  ventral, 
distal  margin  of  the  side  arm-plate.  It  may  be  homologous  with 
an  arm-spine,  but  its  position  ventral  to  the  lowest  arm-spine  counts 
against  that  view.  The  evidence  is  as  yet  inconclusive  whether 
the  absence  of  tentacle-scales  is  a  primitive  condition  or  not. 
Whep  two  tentacle-scales  are  present,  the  second  one  arises  in  con- 
nection with  the  under  arm-plate  a  little  later  than  the  first  one. 
Its  occurrence  is  almost  certainly  a  specialized  condition  and  it 
can  not  be  homologized  with  an  arm-spine.  A  spine-like  tentacle- 
scale  is  certainly  a  modified  form. 
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20.  The  podia  arise  as  smooth,  paired  outgrowths  of  the  radial  water- 

vessel  just  proximal  to  the  terminal  plate.  Each  one  is  associated 
with  a  side  arm-plate.  They  ordinarily  remain  smooth  throughout 
life,  but  in  some  brittle-stars  they  are  rough,  minutely  or  conspicu- 
ously papillose.  Such  changes  are  obviously  specializations  and 
such  podia  are  often  less  retractile  than  usual. 

21.  The  number  of  arm-segments  included  in  the  disk  increases  with  age 

and  such  segments  are  commonly  more  or  less  modified  by  their 
position. 

22.  The  number  of  arms  is  determined  when  the  metamorphosis  occurs  or 

when  the  typical  ophiuran  form  is  assumed.  New  arms  never 
arise  subsequently,  except  in  schizogonous  species,  when  they 
develop  in  connection  with  the  new  disk  formation.  A  5-rayed 
individual  never  becomes  6-rayed  after  its  5  arms  are  fully  formed 
nor  does  a  6-rayed  individual  ever  become  5-rayed  by  autotomy 
and  resorption,  as  has  sometimes  been  supposed.  A  5-rayed  or 
6-rayed  young  brittle-star  will  remain  such  throughout  life  unless 
schizogony  occurs. 

Museum  of  Compakativb  Zo6logy, 
Cambridge,  Mass.^  March,  iQij. 


LITERATURE  CITED. 


Bell,  F.  J.    1892.    A  contribution  to  the  classification  of  Ophiuroids,  etc.    Proc  Zool. 

Soc.,  London,  pp.  175-183. 
Fbwkbs,  J.  W.    1887.    On  the  development  of  the  calcareous  plates  of  Amphiura, 

Bull.  M.  C.  Z.,  vol.  13,  pp.  107-150. 
Grave,  C.     1898.    Embryology  of  Ophiocoma  echinata  Agassiz.    Prelim.  Note.    Johns 

Hopkins  Umv.  Circ.,  vol.  18,  pp.  6,  7. 
1900.    Ophiura  hrevispina,    Mem.   Biol.  Lab.,  Johns  Hopkins  Univ.,  vol.  4, 

No.  5,  and  also  in  Mem.  Nat.  Acad.,  Washington,  vol.  8,  pp.  83-100. 


Jackson,  R.  T.    1899.    Localized  stages  in  development  in  pknts  and  animals.    Mem. 

Boston  Soc.  Nat.  Hist.,  vol.  5,  pp.  89-153. 
LxJDWiG,  H.     1878.    Beitr&ge  zur  Anatomie  der  Ophiuren.    Zeits.  f.  w.  Zool.,  vol.  31, 

pp.  34^394- 

1879.    Das  Mundskelet  der  Asterien  und  Ophiuren,  etc.    Zeits.  f.  w.  Zool.,  vol. 

32,  pp.  672-688. 

1880.    Neue  Beitrage  zur  Anatomie  der  Ophiuren.    Zeits.  f.  w.  Zool.,  vol.  34, 


pp.  333-565. 

1881.    Zur  Entwicklungsgeschichte  des  Ophiurenskelettes.     Zeits.  f.  w.  Zool., 

vol.  36,  pp.  181-200. 

1899.    Jugendformen  von  Ophiuren.    Sitz.  d.  K.  Preuss.  Akad.  der  Wiss.  Berlin, 

vol.  14,  pp.  210-235. 

Lyman,  T.  1882.  Challenger  Ophiuroidea.  Reports  on  the  Zoology  of  H.  M.  S.  Chal- 
lenger, vol.  5,  pt.  14,  pp.  1-386. 

MORTENSEN,  T.  1912.  Uber  Asteronyx  loveni  M.  Tr.  Zeits.  f.  w.  Zool.,  vol.  loi,  pp. 
264-289. 

SnatOTH,  H.  1876-77.  Anatomie  und  Schizogonie  der  Ophiaciis  virens  Sars.  Zeits.  f.  w. 
Zool.,  vol.  27,  pp.  417-485;  vol.  28,  pp.  4i9-;526. 

SoLLAS,  L  B.  J.,  and  W.  J.  1912.  Lapworthura:  A  typical  brittle-star  of  the  Silurian  Age, 
etc.    Phil.  Trans.  (B),  vol.  202,  pp.  213-232. 


Digitized  by 


Google 


Growth-changes  in  Brittle  Stars.  125 


LIST  OF  PLATES. 

EXPLANATION  OF  LETTERING. 

A  « Ala.  P  « Protapophysis.  Zc  ■■  Zygocoete. 

AH  *  Anterior  hviMipophyaiB.  Pa  >■  ParapophyiriB.  Zg  ■■  Zygapophjrsls. 

B  ■■  Bpanapophyais.  PH  *  Poeterior  hypapophsrsis.  Zp  *  Zygophore. 

Ep  "i  Bpapophjrses.  T  *  Taphrus.  Zt  *  Zygotreme. 

LAR  ■■  Lower  alar  ridee.  UpAR  —  Upper  alar  ridge.  Zv  -  Zygantrum. 
MH  «  Median  hypapophysis.                          Z  «  Zygosphene. 

Plate  i. 
Ophiaclis  savignyi  (M.  &  T.). 

Fig.  I.  A  young  individual,  showing  bases  of  3  arms,  and  3  very  youthful  arms,  of  which 
the  median  is  evidently  the  youngest.     X40. 

2.  Disk  of  smallest  individual  seen,  showing  primary  plates  on  older  portion.     X40. 

3.  Mouth  of  a  young  specimen,  showing  2  old  jaws  and  3  pairs  of  old  oral  tentacles, 

and  4  young  jaws.     X90. 

4.  Side  view  of  a  young  jaw  with  4  teeth  and  an  old  jaw  with  5;  2  oral  tentacles  are 

also  shown.     X90. 

5.  Torus  of  a  young  individual.     X90. 

6.  Fourth  segment  from  tip  of  arm,  showing  skeletal  parts,  as  seen  from  below.     X90. 

7.  A  veiv  young  arm,  with  only  one  segment;  seen  from  below.     X^. 

8.  Vertebra  of  fifty-fifth  segment  from  moutJi  in  an  arm  with  70  joints;  seen  from 

above.     X40. 

9.  Vertebra  of  fiftieth  segment  of  same  arm;  from  above.     X40. 

10.  Vertebra  of  fortieth  segment  of  same  arm;  from  above.     X40. 

11.  Vertebra  of  thirtieth  segment  of  same  arm;  from  above.     X40. 

12.  Vertebra  of  tenth  segment  of  arm  with  only  18  joints;  from  above.     X90. 

13.  Vertebra  of  twentieth  segment  of  arm  with  70  joints;  from  above.     X40. 

14.  Vertebra  of  tenth  segment  of  same  arm;  from  above.     X40. 

15.  Same  vertebra  as  fig.  14;  seen  from  aboral  end.     X40. 

16.  Same  vertebra;  seen  from  below.     X40. 

17.  Same  vertebra;  seen  from  adoral  end.     X40. 

18.  Same  vertebra;  seen  from  side.     X40. 

19.  Vertebra  of  second  segment  of  arm  with  70  joints;  seen  from  above.     X40. 

Plate  2. 
Figs,  i  to  6. — Amphipholis  sguamata  (Delle  Chiaje). 

Fig.  I.  One  of  the  second  pair  of  adambulacral  plates,  with  its  adjoining  oral  tentacle, 
from  a  specimen  0.65  mm.  across  the  disk;  to  show  posterior  (aboral)  spinous 
projection.     X375' 

2.  One  of  the  oral  plates  ("jaw'*)  and  its  adjoining  adoral  plate,  from  a  specimen 

0.80  mm.  across  disk;  to  show  origin  of  first  2  oral  papillae,  in  connection  with 
them,  but  from  separate  centers  of  calcification.     X375. 

3.  A  jaw,  and  adjoining  parts,  from  a  specimen  i  mm.  across  disk;  to  show  Amphiura* 

stage  of  develoi^ment.     Xoo. 

4.  A  jaw,  and  adjoining  parts,  from  a  specimen  1.35  mm.  across  disk;  to  show  the 

Amphipholis  character  attained. 

5.  Side  view  of  torus  and  first  tooth,  from  a  specimen  0.65  mm.  across  disk.     X375. 

6.  Side  view  of  torus  and  first  tooth,  also  from  a  specimen  0.65  mm.  across  disk  but 

somewhat  older.     X375. 

Figs.  7  to  12. — Ophioihrix  angulata  (Say). 

Fig.  7.  Vertebra  of  sixth  segment  from  tip  of  arm;  from  the  side.     X90. 

8.  Typical  vertebra;  from  the  side.     X40. 

9.  Same  vertebra;  from  above.     X40. 

10.  Same  vertebra;  showing  aboral  surface.     X40. 

11.  Same  vertebra;  from  below.     X40. 

12.  Same  vertebra;  showing  adoral  surface.     X40. 
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Plate  3. 
Figs,  i  to  10. — Lowest  arm  spine  of  Opkiothrix  angulata  (Say).     Xioo. 

Fig.  I.  From  first  (next  to  terminal  plate)  segment. 

2.  From  second  segment. 

3.  From  third  segment. 

4.  From  fourth  segment. 

5.  From  sixth  segment. 

6.  From  middle  portion  of  the  arm  (any  segment). 

7.  From  twelfth  segment,  counting  from  mouth. 

8.  From  ninth  segment  from  mouth. 

9.  From  sixth  segment  from  mouth. 

10.  From  third  segment  from  mouth. 

These  spines  are  all  shown  in  the  same  position.  Figure  6  shows  the  appearance 
of  the  typical  spine  characteristic  of  the  genus;  figures  1-5  show  its  dev^opment, 
and  figures  7-10  its  senescence.  Spines,  like  fi^ires  9  and  10,  are  very  little 
different  from  the  ordinary  arm-spines. 

11.  Next  to  the  lowest  arm-spine  of  AmphiphoUs  squamata  (Delle  Chiaje)  from  third 

segment,  counting  from  tip  of  arm.     X375. 

Figs.  12  to  14.— Lowest  arm  spine  of  Ophiactis  savignyi  (M.  &  T.),     X375. 

Fig.  12.  From  third  segment  from  tip  of  arm. 

13.  From  sixth  segment. 

14.  From  middle  of  arm  (any  s^ment). 

Figs.  15  to  19. — Opkiothrix  angulata  (Say), 

Fig.  15.  Torus  of  specimen  2  mm.  across  disk.     X90. 

16.  Torus  of  adult,  5  mm.  across  disk.     X40. 

17.  Torus,  teeth,  and  dental-papillae  of  young,  2  mm.  across  disk,  seen  from  the  side. 

X90. 

18.  Central  plate,  radial  shields,  and  part  of  disk  of  a  specimen  2  mm.  across  disk. 

X40. 
19*  The  same  of  a  specimen  3  mm.  across  disk.     X40. 
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THE  EARLY  INFLUENCE  OF  THE  SPERMATOZOAN  UPON  THE 
CHARACTERS  OF  ECHINOID  LARV/E- 


By  David  H.  Tennbnt. 


The  question  of  the  influence  of  the  spermatozoan  upon  the  character  of 
the  larva  has  been  the  basis  of  a  vast  amount  of  discussion  among  students 
of  embryology.  From  the  time  of  the  early  disagreement  between  the  animal- 
culists  and  the  ovists  it  has  proved  a  fruitful  subject  for  speculation. 

In  more  recent  times,  since  the  evolution  of  the  school  of  developmental 
mechanics,  various  attempts  have  been  made  at  an  exact  determination  of 
the  rdle  played  by  the  spermatozoan  or  by  some  of  its  parts.  It  is  conceded 
that  the  characters  resident  in  the  male  parent  are  transmitted  to  the  oflf- 
spring  by  the  spermatozoan,  either  by  the  chromatin  or  by  the  cytoplasm, 
or  possibly  by  both.  But  there  is  no  general  agreement  as  to  the  time  in 
the  individual  history  when  "paternal"  characters  may  become  evident. 
There  is  a  fairly  general  opinion  that  the  egg  conditions  development,  that 
it  is  responsible  for  at  least  the  early  developmental  processes,  and  that  the 
sperm,  although  instigating  development,  places  no  paternal  stamp  on  the 
offspring  until  relatively  late. 

Boveri's  (1895)  classical  experiment,  criticized  adversely  by  various 
investigators,  but  confirmed  by  Herbst  (1907),  in  which  enucleated  egg 
fragments  of  one  species  of  sea-urchin,  fertilized  by  sperm  of  another  species, 
gave  rise  to  larvae  which  were  paternal  with  respect  to  the  skeleton,  showed 
that  in  the  absence  of  female  nuclear  material  the  sperm  nuclear  material 
might  assume  the  direction  of  some  phases  of  development  by  the  time  of 
the  pluteus  stage,  but  there  has  been  little  evidence,  one  way  or  the  other, 
regarding  younger  stages.  Here  the  evidence  has  been  negative  in  so  many 
instances  that  a  positive  generalization  is  often  heard  to  the  effect  that  in 
development  the  influence  of  the  spermatozoan  is  not  shown  in  the  character 
of  early  embryos. 

The  discussion  between  Boveri  and  Driesch  on  this  subject,  in  1903-04, 
resolved  itself  finally  into  a  simple  difference  of  opinion  in  regard  to  the 
earlier  or  later  time  at  which  certain  characters  made  their  appearance  in 
Echinoid  hybrids.  Boveri  (1895,  1903,  1904)  presented  evidence  on  the 
form  of  the  larvae,  the  skeleton,  the  number  of  chromatophores,  the  pigment 
content  of  the  chromatophores,  the  arrangement  of  the  chromatophores, 
the  number  of  primary  mesenchyme  cells,  and,  under  certain  circumstances, 
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the  size  of  the  larvae.  Driesch  (1903)  considered  the  same  points,  but  by" 
the  evidence  neither  was  able  to  change  essentially  the  belief  of  the  other. 

About  five  years  ago  the  controversy  was  given  a  somewhat  different 
form  as  a  result  of  the  researches  of  Loeb  (1908)  on  heterogeneous  hybrid- 
ization.  In  this  work  an  echinoid  egg,  Strongylocentrotus,  was  fertilized 
by  molluscan  sperm,  Chlorostoma,  and  the  resulting  plutei  were  taken  as 
evidence  that  the  inheritance  was  purely  maternal,  i.  ^.,  from  the  egg  alone. 
The  reason  for  this  was  shown  by  Kupelwieser  (1909),  who  worked  out  the 
cytology  of  the  cross  Echinus  microtuberculatus  female  by  Mytilus  gallo- 
provincialis  male  and  was  able  to  show  that  true  fertilization  did  not  take 
place,  the  male  nucleus  never  fusing  with  the  female  nucleus,  but  instead 
lying  at  one  side  of  the  mitotic  figure  during  division,  the  larvae  resulting 
from  the  cross  being,  in  effect,  parthenogenetic. 

Herbst  (1906)  obtained  a  closely  similar  result  by  a  combination  of 
artificial  parthenogenesis  and  fertilization,  in  which  the  larvae  were  held 
to  the  maternal  type.  During  segmentation  the  paternal  nuclear  material 
lags  and  may  fail  to  take  part  in  the  segmentation.  Development  in  such 
cases  may  be  in  reality  maternal,  but  it  is  parthenogenetic. 

Results  again  resembling  these  were  obtained  by  Gtinther  Hertwig^ 
(1912),  when  he  inseminated  sea-urchin  eggs  with  spermatozoa  which  had 
been  subjected  to  radium  rays  and  found  that  here  again  the  male  nucleus 
failed  to  take  a  normal  part  in  the  processes  of  fertilization  and  cleavage.. 

We  must  distinguish  between  the  cases  afforded  by  this  work  of  Loeb, 
Kupelwieser,  and  Hertwig,  which  deals  in  fact  with  a  type  of  partheno- 
genetic development,  no  fertilization  taking  place,  and  cases  in  which  true 
fertilization  occurs,  i.  e.,  the  union  of  an  egg  and  sperm  nucleus,  although 
here  again  we  must  distinguish  between  cases  in  which  the  union  is  only- 
temporary  and  those  in  which  it  is  permanent.  From  work  done  by 
Baltzer  (1909,  1910),  Herbst  (1909,  1912),  and  Tennent  (1912),  evidence 
has  been  gained  which  has  proved  that  even  though  the  two  nuclei  unite, 
some  of  the  chromosomes  may  be  eliminated  later. 

In  Godlewski's  (1906)  fertilization  of  the  echinoid  egg  with  crinoid  sperm 
the  union  of  the  nuclei  seems  to  have  been  permanent.  In  his  fertilization 
of  enucleated  fragments  of  sea-urchin  eggs  with  crinoid  sperm,  the  young 
stages  (gastrulae,  four  cases)  were  larvae  which  followed  the  sea-urchin  type. 

Finally  **  partial  fertilization,"  discussed  by  Boveri  and  Herbst,  also  rep- 
resents a  true  fertilization,  although  the  union  between  the  nuclei  may  be 
delayed  until  after  segmentation  has  begun,  and  the  resulting  pluteus  may 
be  in  part  maternal,  in  part  hybrid  in  nature. 

The  consideration  of  these  points  makes  it  clear  that  we  have  no  estab- 
lished  evidence  of  the  influence  of  the  sperm  on  the  characters  of  stages 
younger  than  the  pluteus  and  that  new  observations  based  on  favorable 
material  is  desirable.  I  count  myself  fortunate  in  obtaining  material  of 
this  nature  while  on  the  expedition  made  by  the  Department  of  Marine 
Biology  to  Montego  Bay,  Jamaica. 
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MATERIAL  AND  METHODS. 

One  of  the  abundant  reef  sea-urchins  at  Montego  Bay  is  the  primitive 
form  Cidaris  tribuloides.  The  living  egg  of  Cidaris  is  exceedingly  transparent 
and  the  union  of  the  male  and  female  nuclei  may  be  followed  in  it  without 
difficulty;  it  may  be  fertilized  readily  in  the  laboratory  with  its  own  sperm 
or  with  the  sperm  of  other  sea-urchins  abundant  in  the  vicinity,  among  these 
being  Toxopneustes  {Lytechinus)  variegatus  and  Hippono'e  (Tripneustes) 
esculenta.  These  crosses  are  easily  made.  The  eggs  may  be  fertilized  at 
once  after  their  removal  from  the  gonad,  without  artificial  aid,  although  as 
a  check  against  the  possibility  of  chance  fertilization  with  Cidaris  sperm 
they  were  kept  for  2  hours  before  making  the  fertilizations.  A  portion  of 
the  eggs  was  always  kept  as  an  unfertilized  control. 

Many  investigators  will  recognize  the  convenience  and  advantage  of 
supplying  developing  larvae  with  an  almost  complete  change  of  water  from 
time  to  time.  I  found  it  possible  to  do  this  by  centrifuging  the  contents 
of  the  finger  bowls,  which  I  used  as  aquaria,  withdrawing  the  water  from 
above  the  larvae  and  replacing  with  fresh  water.  This  method  was  used 
only  after  the  third  day.  This  material  was  centrifuged  only  long  enough 
to  throw  the  larvae  down  to  the  end  of  the  tubes.  The  plutei  treated  in  this 
manner  kept  in  better  condition  than  those  not  centrifuged  and  thus  not 
given  as  complete  a  change  of  water.  Owing  to  my  limited  time  no  attempt 
was  made  to  rear  the  larvae  to  metamorphosis.  Every  possible  precaution 
was  taken  to  avoid  chance  fertilization  or  contamination  of  any  nature  of 
the  cultures. 

Since  the  completion  of  the  investigation  is  being  delayed  by  the  pressure 
of  teaching  it  seems  best  to  present  at  this  time  the  results  that  were  ob- 
tained with  the  living  material,  leaving  the  cytological  analysis  of  fixed 
material  for  a  later  time.  The  outline  figures  used  in  illustrating  the  paper 
are  from  camera-lucida  sketches  made  from  living  larvae. 

INVESTIGATION. 

In  its  normal  development  Cidaris  proved  of  interest,  (i)  because  of  its 
slowness  of  development  when  compared  with  Hippono'e  or  Toxopneustes; 
(2)  in  the  difference  in  the  site  of  its  mesenchyme  formation;  (3)  in  the 
place  of  the  appearance  of  the  larval  skeleton. 

The  anaphase  of  the  first  cleavage  begins  about  50  minutes  after  in- 
semination. The  cleavage  is  like  that  of  other  echinoids.  The  blastula 
stage  is  reached  in  16  to  18  hours,  depending  on  the  lot  of  eggs;  gastrulation 
begins  in  20  to  23  hours;  mesenchyme  formation  begins  in  23  to  26  hours, 
the  mesenchyme  cells  arising  from  the  inner  end  of  the  archenteron;  chro- 
matophores  appear  in  about  44  hours;  the  enterocoele  arises  as  a  single 
pouch  in  44  to  50  hours;  in  55  hours  two  enterocoeles  may  be  seen,  formed 
by  the  division  of  the  single  vesicle;  in  72  to  73  hours  the  beginning  of  the 
formation  of  the  skeleton  may  be  noted.  Even  at  this  time,  the  beginning 
of  the  fourth  day,  the  body  has  not  begun  to  assume  the  form  of  an  echino- 
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pluteus,  and  it  is  not  until  the  fifth  day  that  the  arms  begin  to  push  out. 
These  facts  are  of  interest  when  compared  directly  with  those  r^;arding  the 
development  of  Toxopneustes. 

The  processes  are  here  shown  in  parallel.    The  hours  mentioned  indi- 
cate hours  after  fertilization. 


Cidatit. 

Houn. 
Blastube  (•wimming) i6  to  i8 

GMtrnhe  (beginning) 30  to  33 

McKndisrme 33  to  a6 


.73  to  73 

.130 


Toxopneustes, 

Hours. 

BlastulK  (twimmlng) 5.5 

Mesendorme 8 

Gastnilc  (bei^nnlng) 9 


SkyMon 
Pluteus 


Chiomatopbons  . . . . 
Skeleton  (beginning). 
Phiteus 


.15  to  z6 
.Z5toz6 
.34 


The  earliest  striking  difference  between  the  two  forms  is  in  the  time 
and  place  of  mesenchyme  formation,  Cidaris  in  this  respect  resembling  the 
crinoids  more  closely  than  the  echinoids. 

No  mesenchyme  is  formed  until  the  archenteron  has  pushed  well  into 
the  blastocode  (fig.  i).  The  cells  then  push  out  from  the  end  and  from 
just  behind  the  end  of  the  archenteron.     During  the  next  few  hours  the 


Fig.  I. — optica!  lection,  Cidaris  gastnila.  ahowing  beginning  of  mesenchyme  formation.    33  hotus. 
Fig.  3.— Oi»tical  section,  later  Cidaris  gastnila.    41  hours. 

migration  of  cells  from  the  archenteron  continues,  while  the  cells  within  the 
blastocode  increase  in  number  by  division.  A  network  formed  by  fine 
protoplasmic  processes,  as  in  other  echinoids,  is  formed  (fig.  2). 

In  Toxopneustes,  it  will  be  recalled,  the  micromere  end  of  the  blastula 
becomes  flattened  and  the  primary  mesench3mie  cells  push  into  the  blasto- 
coele  before  gastrulation  begins  (fig.  3).  This  mesenchyme  is  first  scattered 
throughout  the  blastocode,  the  greater  number  of  the  cells  remaining,  how- 
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ever,  at  the  posterior  pole.  When  the  archenteron  pushes  in  they  lie  as 
a  ring  about  it,  later  becoming  aggr^;ated  in  two  groups,  one  at  each  side 
of  the  base  of  the  archenteron;  in  each  group  the  characteristic  skeletal 
spicules  arise.  The  secondary  mesenchyme  is  given  off  from  the  end  of  the 
archenteron  after  this  has  grown  well  toward  the  anterior  end  of  the  blastula 

(fig.  4). 


Fig.  3^— Optical  MCtUm,  ToxopnmsUs  Uattnla,  diowinc  befinning  of  primary  meiencfayiiie  formation. 

8  hottiv.    Drawn  from  preaerved  material. 
FIG.  4^— Optical  aection  of  Toxopnttutes  gaatmla,  allowing  formatloa  of  leoondaiy  meeenchyme  and 

01  akdeton.    Chromatopborea  in  blaatocoele  and  wall.    41  boan. 
Fig.  S^— Yomig  Cidaris  plateus,  afaowing  character  and  position  of  early  ilceleton.'  73  boura. 
Fig.  6,—Ci44int  phiteiis.    6  day. 

In  the  case  of  Cidaris^  after  the  formation  of  the  primary  enterocoele  and 
the  dorsal  water-tube  (50  hours),  the  gastrula  begins  to  elongate  and  to 
become  broader  at  the  posterior  end.  When  the  primary  enterocoele  sepa- 
rates into  right  and  left  enterocodes  (the  left  remaining  in  connection  with 
the  water-tube  (55  hours), two  ciliated  bands  make  their  appearance,  the 
posterior  band  about  one-third  the  length  of  the  body  from  the  posterior 
end  of  the  body,  the  preoral  band  somewhat  less  than  one-third  the  length 
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of  the  body  from  the  anterior  end.  Between  these  bands  the  body  now  begins 
to  be  somewhat  concave.  In  general  appearance  at  this  time  the  larva 
resembles  that  of  A  sterias  more  than  it  does  that  of  an  echinoid .  At  66  hours 
the  bands  are  well  developed  and  the  region  between  the  bands  has  become 
still  more  concave. 

Between  this  time  and  72  hours  a  further  increase  in  size  and  change 
in  form  of  the  body  is  apparent,  the  posterior  half  becoming  much  broader 
and  the  posterior  end  more  rounded,  while  by  reason  of  this  change  of  form 
the  anal  region  has  been  shifted  forward.  During  the  period  from  60  to  65 
hours  the  oesophagus,  stomach,  and  intestine  diflFerentiate  from  the  archen- 
teron.  About  72  hours  after  fertilization  the  first  indication  of  a  larval 
skeletal  system  may  be  noted  in  the  triradiate  spicules  arising  in  groups  of 


Fig.  7. — ToxoptuutUs  pluteai.    6  days. 

mesenchyme  cells  in  the  broadest  part  of  the  body,  about  the  level  of  the 
anterior  half  of  the  stomach,  and  just  beneath  the  postoral  band  of  cilia. 
The  laterally  directed  axis  is  seen  to  be  double  and  gives  rise  to  a  rod  of 
the  latticed  type  (fig.  5).  During  the  next  day  the  body  continues  to 
increase  in  size,  the  anterior  and  posterior  ciliated  bands  become  connected 
about  the  edges  of  the  ventral  depression,  and  the  posterolateral  (?)  arms 
begin  to  push  out  laterally  from  the  body.  A  short  medio-dorsal  rod  may 
be  seen  developing  in  the  skeletal  system  (fig.  6). 

A  brief  inspection  of  a  figure  of  a  Toxopneustes  pluteus  of  the  same  age, 
6  days  (fig.  7),  is  sufficient  to  convince  one  of  the  striking  difference  in  form. 
It  is  evident  from  a  comparison  of  the  development  of  these  two  forms  that 
if  a  cross  between  the  two  were  possible  valuable  data  might  be  afforded. 
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THE  CIDARIS  FEMALE  BY  TOXOPNEUSTES  MALE  CROSS. 

The  cross  is  easily  made,  the  Cidaris  eggs  requiring  no  treatment  in  order 
that  fertilization  may  be  accomplished.   The  eggs  may  be  fertilized  with  Tox- 
opneustes  sperm  immediately  after  their  removal  from  the  ovary,  but 
as  a  check  against    the   possibility  of   chance 
fertilization  with  Cidaris  sperm  they  were  kept  o 

for  2  hours  before  inseminating  with  the  foreign 
sperm.  More  than  90  per  cent  of  the  eggs  fer- 
tilized; the  typical  fertilization  membrane  ap- 
peared shortly  after  the  addition  of  the  sperm. 
In  this  cross  no  diflFerence  f rom  the  characteristic 
normal  Cidaris  development  was  noted  before 
the  banning  gastrula  stage.    The  fertilization-  of  Taxopntusus  cf  x  odaris^  gas- 

I  •    ^  I  ,  1  ji  •      .  1  crula.  showing  primary  metenchyme 

cleavage  mterval  was  not  lessened,  as  in  the  case  teUiatbaaeoF archenteron.  34  boon, 
of  certain  other  echinoid  crosses  that  I  have  de- 
scribed. In  point  of  time  the  appearance  of  the  mesenchyme  seemed 
slightly  hastened,  although  the  gain  in  time  is  not  great  enough  to  war- 
rant a  general  conclusion,  since  it  is  quite  within  the  range  of  variation 
between  different  lots  of  straight-fertilized  eggs.  My  statement  regard- 
ing a  possible  slight  hastening  refers  to  comparative  straight  and  cross 
fertilization  in  the  same  lot  of  eggs.  Even  here  I  prefer  to  draw  no  con- 
clusions, since  I  have  made  the  comparison  with  only  eight  lots  of  eggs. 
As  to  the  place  of  mesenchyme  formation  there  is  no  chance  for  either 
personal  equation  in  the  observer  or  individual  variation  in  the  larvae  to 
play  a  part. 


Figs.  9  and  10. — Optical  section  of  Taxopn€ust$s  cf  X  Cidaris  9  gastrula. 
showing  primary  mesenchyme  cells.    34  hours. 

In  the  hybrids  the  mesenchyme  arises  from  the  sides  and  around  the 
base  of  the  archenteron,  dose  to  its  point  of  union  with  the  blastopore 
(figs.  8,  9,  10).    This  was  true  in  every  instance.    The  difference  between 
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the  normal  and  the  hybrid  was  so  striking  that  it  needed  no  confirmation 
by  other  observers,  but  purely  as  a  matter  of  personal  interest  I  asked  four 
other  investigators  at  the  laboratory  to  look  at  the  two  sets  of  living  larvae 
and  describe  their  observations  to  me.  The  independent  observation  of 
each  of  these  investigators  was  a  confirmation  of  my  own. 

The  succeeding  stages  show  considerable  variation.  In  some  the 
growth  of  the  archenteron  ceases  and  the  blastocode  becomes  filled  with  a 
mass  of  opaque  cells  (fig.  11).     In  others  gastrulation  continues.    In  a  few 


Fig.  zi.— optical Kction of  roso^tMtutescf  xCidarisQ 
abnonnal  sMtnila:  blaitocflriencariy  filled  with 
opaque  oeOa.    40  tioiixa. 

cases  a  small  skeletal  spicule  was  formed  in  the  mass  of  mesenchyme  cells 
at  the  base  of  the  archenteron.  I  was  unable  to  keep  the  hybrid  material 
alive  beyond  the  gastrula  stage. 

GENERAL  DISCUSSION. 

We  have  already  noted  Boveri's  conclusions  regarding  the  early  influence 
of  the  sperm  on  development.  My  results  confirm  his  general  thesis  as 
to  an  earlier  influence  than  that  commonly  accepted,  although  my  con- 
clusion is  based  on  evidence  not  afforded  by  his  crosses. 

In  the  nature  of  the  case  the  results  given  by  inseminations  in  which  the 
sperm  nucleus  does  not  unite  with  the  egg  nucleus  are  without  direct  value 
in  this  connection.  They  may  have  an  indirect  value  in  showing  that  the 
sperm  cytoplasm,  if  it  has  become  a  part  of  the  egg  cytoplasm,  has  not 
influenced  the  early  development.  As  has  already  been  indicated,  the 
larvae  obtained  from  such  inseminations  are  essentially  parthenogenetic. 

The  only  investigation  of  which  I  know,  which  is  closely  comparable 
to  mine,  is  that  of  Godlewski  (1907),  and  even  here  we  are  comparing  the 
reciprocal  cross  between  forms  whose  early  development  is  similar.  In 
Godlewski's  cross  the  fertilization  of  echinoid  eggs  (primary  mesenchyme 
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formed  in  the  blastula  stage)  with  crinoid  sperm  (crinoid  mesenchyme 
formed  in  the  gastnila)  resulted  in  lar\'ae  which  followed  the  maternal 
course  of  development;  this  was  true  even  for  the  fertilized  enucleated  egg 
fragment. 

In  my  own  work  a  cross  made  on  material  with  similar  differences  of 
development,  namely,  the  Cidaris  egg  (mesenchyme  formed  in  the  gastrula), 
with  Toxopneustes  or  Hipponoe  sperm  (echinoids  in  which  the  primary 
mesenchyme  is  formed  before  gastrulation),  gave  larvae  in  which  the  mesen- 
chyme was  formed  at  the  beginning  of  gastrulation,  the  mesenchyme  arising 
at  the  sides  and  base  of  the  archenteron. 

We  may  ask  this  question:  Is  the  foreign  sperm  better  able  to  hasten 
than  to  retard  certain  characteristic  processes?  It  is  not  now  possible  to 
answer  this  question,  but  it  is  one  which  should  incite  investigation. 

The  objection  may  be  raised  that  as  I  was  unable  to  keep  the  hybrid 
larvae  alive  beyond  the  gastnila  stage,  the  cells  which  I  observed  passing 
into  the  blastocoele  were  abnormal  and  indicated  an  abnormal  condition 
of  the  larvae.  Certainly  they  were  not  normal  Cidaris  larvae;  they  were 
hybrids,  and  as  hybrids  they  were  normal.  The  larvae  were  not  the  formless 
aggregations  of  cells  obtained  in  some  crosses,  but  proceeded  on  a  perfectly 
r^;ular  course  of  development.  Even  granting  that  when  compared  with 
larvae  derived  from  straight  fertilized  Cidaris  eggs,  they  were  not  normal, 
it  must  be  admitted  that  the  abnormality  was  in  the  direction  of  normal 
Toxopneustes  mesenchyme  formation  and  also  that  the  condition  was 
brought  about  by  the  use  of  the  foreign  sperm  and  that  the  result  indicates 
that  the  sperm  is  able  to  exert  an  influence  on  the  character  of  development 
at  a  stage  earlier  than  that  heretofore  demonstrated. 

Shearer,  De  Moi^;an,  and  Fuchs  (191 1),  as  well  as  some  other  recent 
workers  on  the  hybridization  of  echinoids,  have  come  to  the  conclusion 
that  the  early  larvae  are  of  too  variable  a  nature  to  afford  any  definite 
evidence  of  parental  influence.  In  order  that  I  may  not  be  misunderstood, 
let  me  quote  directly  from  the  paper  mentioned:  _ 

As  the  result  of  extensive  investigation  of  the  early  larval  history  of  our  various  crosses, 
we  have  come  to  the  conclusion  that  these  are  too  variable  to  afford  any  definite  evidence 
of  parental  influence  and  especially  is  this  true  with  regard  to  the  skeleton,  heretofore 
considered  the  chief  index  of  inheritance. 

This  conclusion  was  reached  after  the  investigation  of  three  species  of 
Echinus.  The  authors  make  the  statement  with  regard  to  the  forms  upon 
which  they  have  worked  and  do  not  apply  it  to  all  cases.  The  investigation 
of  a  sufficient  number  of  properly  chosen  forms  will  convince  any  investigator 
that  parental  influence  may  be  indicated  even  in  early  larval  stages,  and 
especially  is  this  true  with  regard  to  the  skeleton. 
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STUDIES  OF  JAMAICA  ECHINI. 


By  Robert  Tracy  Jackson. 


It  was  my  privilege  to  join  the  Carnegie  Institution  of  Washington 
expedition  to  Jamaica  in  the  spring  of  1912.  While  there,  studies  were 
made  of  the  later  stages  of  development  and  the  variation  of  a  number  of 
species  of  regular  Echini.  All  the  material  studied  was  collected  at  Montego 
Bay,  close  along  shore  in  shallow  water  of  less  than  a  fathom  in  depth.  This 
locality  is  very  favorable  for  studying  these  animals,  as  abundant  material 
can  be  obtained,  on  the  reefs  or  grass-covered  bottom,  by  wading  in  water 
usually  less  than  3  feet  in  depth.  The  observations  are  in  extension  of  those 
recently  published  in  the  **  Phylogeny  of  the  Echini  **  (Memoirs  Boston 
Society  of  Natural  History,  vol.  7,  1912).  As  only  a  few  species  are  in- 
volved, they  are  taken  up  systematically,  giving  under  each  the  results  of 
the  observations. 

EuciDARis  TRIBULOIDES  (Lamarck). 
This  species  is  fairly  common  at  Montego  Bay,  so  that  sufficient  material 
was  available  for  laboratory  work,  but  it  was  not  so  abundant  as  the  other 
species  of  r^^ular  Echini  studied.  It  occurs  in  shallow  water  and  is  sur- 
prisingly dull  and  sluggish,  presenting  none  of  the  activity  of  motion  seen 
in  Centrechinus  or  the  more  passive  Tripneustes.  In  collecting  Eucidaris, 
one  simply  picks  them  up,  and  in  no  case  observed  did  the  animal  cling 
to  the  ground  by  its  tube-feet.  The  adults  at  Montego  Bay  are  rather 
small  for  the  species,  not  attaining  the  size  of  specimens  seen  from  the 
Bahamas.  An  average  adult  from  Mont^o  Bay  measures  about  30  to 
35  mm.  in  diameter.  Material  from  Port  Antonio,  Jamaica,  also  is  small, 
but  is  very  abundant,  as  I  had  over  500  specimens  collected  at  that  locality. 
Of  a  limited  number  of  specimens  of  this  species  from  the  Bahamas,  the 
largest  noted  is  52  mm.  in  diameter.  Only  a  few  young  specimens  of 
Eucidaris  were  found  at  Montego  Bay.  In  individuals  measuring  up  to 
10  mm.  in  diameter  the  ocular  plates  are  all  exsert  and  the  genital  pores  are 
wanting.  There  was  not  sufficient  young  material  to  study  the  periods  at 
which  the  ocular  plates  travel  in  and  reach  the  periproct.  In  the  adult  of 
this  species,  typically  (58  per  cent),  oculars  V,  I,  IV  are  insert,  as  previously 
ascertained  from  an  examination  of  849  specimens  from  several  localities. 
A  specimen  measuring  11  mm.  in  diameter  has  all  five  genital  pores  in 
place,  as  have  also  all  larger  specimens.    Whether  the  genital  pores  would 
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come  in  at  this  exact  period  of  growth  could  only  be  known  from  obser- 
vations on  a  larger  series  of  specimens  than  was  available.  In  living 
specimens,  opened  when  perfectly  fresh,  it  was  found  that  the  teeth  extend 
only  very  slightly  above  the  base  of  the  foramen  magnum.  As  this  struc- 
ture is  very  shallow  in  Eucidaris,  the  dorsal  border  of  the  tooth  very 
nearly  coincides  with  the  upper  limits  of  the  lantern,  but  the  tooth  does 
not  extend  horizontally  over  the  top  of  the  lantern  as  in  Strongylocentrotus 
(Phylogeny  of  the  Echini,  p.  179,  plate  5,  figs,  i,  6).  The  dental  capsules, 
which  are  the  fleshy  bags  inclosing  the  base  of  the  teeth,  are  small  in  Euci- 
dariSf  not  large  and  inflated  as  they  are  in  Strongylocentrotus  and  in  the 
Echinidae. 

The  Cidaridae,  the  sole  family  representing  the  order  Cidaroida,  is  the 
only  group  of  modem  Echini  that  extends  back  into  the  Palaeozoic.  The 
Palaeozoic  species,  which  belong  to  the  genus  Miocidaris,  present  only 
slight  differences  from  recent  typical  members  of  the  order.  As  an  ancient 
group  that  has  suffered  comparatively  little  change  in  its  whole  geological 
history  the  structure  and  development  of  the  Cidaridae  is  of  especial  inter- 
est. Something  is  known  of  the  post-embryonic  development  of  ddarids, 
due  principally  to  Loven's  critical  study  of  young  Goniocidaris  (Echinologica, 
Stockholm,  1892),  but  further  knowledge  of  the  developing  stages  of  this 
primitive  archaic  type  is  much  to  be  desired. 

Centrechinus  setosus  (Leske;. 
The  most  abundant  sea-urchin  at  Montego  Bay  is  Centrechinus^  setosus 
(Leske),  which  abounds  in  countless  profusion  in  shallow  water  on  the 
reefs.  In  strong  distinction  from  the  quiescent  habits  of  Eucidaris,  Cen- 
trechinus  is  a  most  active  animal,  moving  about  freely  and  actively  and 
waving  its  long  spines  in  a  threatening  fashion.  The  spines  are  so  sharp 
and  cause  such  poisonous  wounds  that  they  are  a  constant  menace  to 
bathers,  and  specimens  have  to  be  collected  with  caution  or  serious  results 
will  follow.  The  tube-feet  have  only  the  slightest  hold  on  the  sea-floor,  so 
that  specimens  can  be  picked  up  with  long-handled  forceps  without  any 
perceptible  resistance.  In  this  Centrechinus  differs  markedly  from  Trip^ 
neusteSt  Strongylocentrotus,  or  Echinometra,  which  on  a  rocky  surface  cling 
tenaciously  by  the  tube-feet.  Young  specimens  of  Centrechinus  have  spines 
which  are  strongly  banded;  white  and  very  dark,  nearly  black,  alternating. 
The  light  and  dark  bands  are  of  about  equal  width.  The  spines  are  long 
in  young  as  well  as  in  adults,  and  a  specimen  12  mm.  in  diameter  has  spines 
36  mm.  in  length.  A  specimen  60  mm.  in  diameter  has  spines  up  to  150  mm. 
in  length.  From  this  it  occurs  that  a  small  specimen  looks  rather  big  with 
spines  extending  radially,  and  a  large  specimen  is  menacing  indeed  when  the 
needle-like  sharpness  of  these  weapons  is  considered.     Banded  spines  as  a 

>  Ctnirtekinus  it  a  name  which  I  gave  (Phylogeny  of  the  Echini,  p.  a?)  to  replace  the  name  Diad4ma, 
which  in  post-Umuean  usage  is  preoccupied  for  a  crustacean.  To  replaoe  an  old,  established  name  is  unfor- 
tunate, and  some  objection  has  been  raised  to  my  action.  As  IHatffHM  has  been  in  current  use  as  a  generic  name 
for  sea-urchins,  Gastropoda,  and  Lepidoptera.  it  seems  that  the  rule  of  priority  must  be  mafntaJnfd  and  a  new 
gnieric  name  substituted  for  Dicdtma  in  these  three  groups. 
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charact^  are  retained  until  individuals  are  about  20  to  25  mm.  in  diameter^ 
after  which  they  are  typically  a  deep  uniform  black.  As  an  exception,  a 
specimen  40  mm.  in  diameter  was  seen,  in  which  all  the  spines  were  banded 
as  in  youth.  Frequently  in  immature  specimens  the  older  ventral  spines  are 
banded  when  the  dorsal  spines,  situated  on  the  later-added  and  therefore 
younger  plates  are  quite  black.  In  adults,  no  case  of  banded  spines  Wjas 
seen,  but  occasionally  pure  white  spines  are  interspersed  with  the  black,  and 
in  a  few  cases  observed  all  the  primary  spines  were  white  in  the  adult. 
Whatever  the  color  of  the  spines,  the  test  is  of  a  dark,  uniform  black  in  life. 

In  the  family  of  the  Centrechinidae,  CentrosUphanus  longispinus  (Phil- 
lipi),  from  the  Mediterranean,  in  adults  has  spines  which  are  banded 
white  and  light  brown,  the  pattern  recalling  those  of  young  Centrechinus^ 
In  Echinothrix  calamaris  (Leske),  from  the  Pacific,  the  spines  are  very 
variable  in  adults,  being  all  dark,  purple  or  green,  all  white,  or  banded  ^ 
great  diversity  may  occur  in  the  spines  of  one  individual.  In  other  families 
of  Echini,  banded  spines  occur  occasionally  as  species  characters;  they 
are  a  feature  of  Ccdopleurus  macukUus  A.  Agassiz  and  Clark,  and  are  common 
in  species  of  the  Temnopleuridae. 

In  my  previous  studies  of  ocular  plates  and  their  variation  in  this 
species,  there  was  a  limited  number  (no)  of  developing  specimens,  and 
of  these  very  few  were  really  small.  Of  adults,  1,168  were  examined  from 
various  localities.  With  a  good  series  of  developing  specimens  from  a 
single  locality,  certain  differences  are  brought  out  from  the  earlier  limited 
observations.  There  are  also  differences  in  the  percentages  of  adult  char- 
acters from  what  obtained  in  the  species  as  a  whole  from  different  localities. 
In  table  2  (page  156)  are  given  the  characters  of  developing  series,  and  the 
variations  of  adults  of  this  and  other  species  are  considered.  The  aber- 
rant variations  are  given  in  detail  only  under  the  consideration  of  the 
species  in  the  text. 

As  to  the  developing  series  of  Centrechinus  setosus,  in  50  specimens 
from  4  to  15  mm.  in  diameter,  all  the  oculars  are  exsert  (fig.  i).  In  103. 
specimens  15  to  20  mm.  in  diameter,  78  per  cent  have  all  oculars  exsert, 
4  per  cent  have  ocular  I  insert,  and  5  per  cent  have  ocular  V  insert.  In  2 
per  cent  oculars  I ,  V  are  insert,  and  in  7  per  cent  oculars  I ,  V,  I V  have  reached 
the  periproct.  Of  aberrant  variants  of  this  size  there  are  5  per  cent,  one 
specimen  having  ocular  IV  only  insert;  one  having  I,  IV  insert;  two  having 
V,  IV  insert;  and  one  has  oculars  I,  V,  IV,  III  insert.  It  is  interesting  ta 
see  that  at  this  youthful  period,  while  a  high  percentage  have  oculars  all 
exsert,  many  stages  of  development  as  regards  the  oculars  are  presented  by 
some  of  the  specimens.  Of  the  next  larger  size,  20  to  25  mm.,  270  speci- 
mens, 51  per  cent  still  have  all  the  oculars  exsert;  i  per  cent  have  ocular 
I  insert;  and  16  per  cent  have  ocular  V  insert;  11  per  cent  have  oculars  I, 
V,  and  17  per  cent  have  oculars  I,  V,  IV  insert.  In  one  specimen,  0.4  per 
cent,  oculars  I,  V,  IV,  II  are  insert.  There  are  eight  aberrants,  or  3  per 
cent;  of  these,  i  has  ocular  IV  insert;  i  has  I,  IV,  and  6  have  oculars  V,  IV 
insert. 


Digitized  by 


Google 


144         Papers  from  the  Marine  Biological  Laboratory  al  Tortugas. 

In  the  next  larger  series,  25  to  30  mm.  diameter  (240  specimens),  21  per 
cent  have  all  oculars  exsert;  3  per  cent  have  ocular  I,  and  8  per  cent  have 
ocular  V  alone  insert ;  14  per  cent  have  oculars  I,  V,  and  45  per  cent  have 
oculars,  I,  V,  IV  insert.  As  this  last  is  the  species  character,  it  is  of  note 
that  this  is  the  first  stage  at  which  this  species  feature  has  become  a  dominant 
character.  In  i  per  cent,  oculars  I,  V,  IV,  II,  and  in  i  percent  all  oculars 
are  insert.  Seventeen  specimens,  or  7  per  cent,  have  an  aberrant  arrange- 
ment.  Of  these,  4  have  ocular  IV  only  insert;  11  have  oculars  V,  IV,  one 
has  I,  V,  II,  and  one  has  oculars  I,  V,  IV,  III  insert.  The  occurrence  of 
I,  V,  II  insert  as  an  aberrant  variant  is  of  interest  because  this,  as  previously 
shown,  is  a  common  aberrant  when  three  oculars  reach  the  periproct  in  the 
Echinidse  and  Strongylocentrotidae,  and  occurs  also  in  the  Stomopneustidae. 

1  have  not  found  a  case  of  I,  V,  II  insert  in  the  Cidaridae,  and  it  is  the  only 
case  seen  in  Centrechinus  selosus,  although  in  this  species,  1,398  cases  of 
I,  V,  IV  insert  have  been  observed. 

In  the  next  series  of  Centrechinus  setosus,  30  to  35  mm.  diameter,  245 
specimens,  10  per  cent  have  all  oculars  exsert;  2  per  cent  have  I  only; 
and  1 2  per  cent  have  V  only  insert ;  5  per  cent  have  I ,  V,  and  63  per  cent  have 
I,  V,  IV  insert;  4  per  cent  have  I,  V,  IV,  II  insert.  Of  aberrants,  there  are 
4  per  cent,  these  consisting  of  8  specimens  with  oculars  V,  IV  insert,  and 

2  with  oculars  I,  V,  IV,  III  insert. 

The  next  series,  measuring  35  to  40  mm.  in  diameter,  169  specimens, 
has  5  per  cent  with  all  oculars  exsert;  2  per  cent  with  I  only ;  and  3  per  cent 
with  V  only  insert;  5  per  cent  have  I,  V,  and  71  per  cent  have  I,  V,  IV  insert; 
6  per  cent  have  I ,  V,  IV,  1 1 ,  and  2  per  cent  have  all  oculars  insert.  Aberrants 
are  5  per  cent;  of  these,  two  specimens  have  ocular  IV  alone  insert;  i  has 
I,  IV;  4  have  V,  IV;  and  2  have  I,  V,  IV,  III  insert. 

The  series  40  to  50  mm.  in  diameter  is  considered  the  last  of  the  devel- 
oping series.  Of  this  size,  162  specimens,  4  per  cent  have  all  oculars  exsert, 
I  per  cent  have  ocular  I,  and  0.6  per  cent  have  ocular  V  only  insert;  6  per 
cent  have  oculars  I,  V,  and  70  per  cent  I,  V,  IV  insert;  9  per  cent  have 
oculars  I,  V,  IV,  II,  and  6  per  cent  have  all  oculars  insert.  Of  aberrants 
there  are  3  per  cent,  one  specimen  having  V,  IV  and  4  having  I,  V,  IV,  III 
insert.  The  series  35  to  40  mm.  and  40  to  50  mm.  in  diameter  make  a  close 
approach  to  the  mature  series  as  regards  the  species  character  of  I,  V,  IV 
insert,  but  these  two  younger  series  have  more  of  the  developing  and  fewer 
of  the  progressive  characters  than  are  seen  in  the  older  series. 

While  Centrechinus  setosus  is  profusely  abundant  at  Montego  Bay, 
specimens  do  not  attain  as  large  a  size  as  in  Florida,  from  which  locality 
many  individuals  exceed  100  mm.  in  size.  Of  the  adult  series  from  Montego 
Bay,  50  to  80  mm.  in  diameter,  162  specimens,  one  specimen,  or  0.6  per  cent, 
had  ocular  V  only,  and  one  had  oculars  I,  V  insert,  both  of  these  specimens 
are  between  50  and  60  mm.  in  diameter;  73  per  cent  have  I,  V,  IV  insert, 
the  species  character;  13  per  cent  are  progressive  variants  with  I,  V,  IV,  II 
insert  and  10  per  cent  are  extreme  progressive  variants  with  all  oculars 
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insert;  3  per  cent  are  aberrant  variants,  all  five  specimens  having  oculars 
I,  V,  IV,  III  insert. 

Considering  the  ocular-plate  arrangement  in  Centrechinus  from  Montego 
Bay  as  a  whole,  it  is  seen,  as  shown  clearly  in  table  2  (page  156),  that  from 
all  exsert,the  character  of  the  young,  there  is  a  steady  progressive  series 
with  growth  in  the  development  or  traveling  in  of  ocular  plates.  CetUre- 
ckinus  is  a  member  of  the  most  primitive  suborder,  the  Aulodonta,  of  the 
Centrechinoida,  and  as  such  is  worthy  of  special  attention,  for,  as  shown  by 
Professor  Hyatt,  primitive  types  in  a  group  have  a  slow  development  as  com- 
pared with  specialized  types,  and  in  character  approach  nearest  to  the  next 
lower  series  of  their  own  phylum.  The  development  of  Centrechinus  amply 
bears  out  this  important  truth. 

Of  the  total  1,401  specimens  of  Centrechinus  setosus  listed  from  Mon- 
tego Bay,  the  aberrants  are  59  in  number,  of  which  8  have  ocular  IV  only 
insert;  3  have  oculars  I,  IV  insert;  32  have  oculars  V,  IV  insert;  I  has 
oculars  I,  V,  II  insert,  and  15  have  oculars  I,  V,  IV,  III  insert.  It  is  note- 
worthy that  in  the  mature  series  (50  to  80  mm.  diameter)  the  only  aber- 
rants that  occurred  were  cases  of  oculars  I,  V,  IV,  III  insert,  thus  indicating 
that  the  other  aberrants  seen  in  immature  individuals  may  be  considered 
as  irregularities  in  the  order  of  sequence  of  the  coming  in  of  ocular  plates, 
rather  than  as  aberrants  that  would  have  retained  the  given  character  if 
they  had  lived  to  grow  up. 

In  specimens  of  Centrechinus  up  to  14  mm.  in  diameter  (48  individuals), 
all  the  genital  plates  are  imperforate  (fig.  i),  whereas  in  those  14.5  mm.  and 
all  larger  with  very  few  exceptions,  all  genital  plates  have  the  genital  pores.^ 
In  comparison  with  this,  the  specialized  Strongylocentrotus  drdbachiensis 
attains  its  genital  pores  when  between  5  and  10  mm.  in  diameter  (Phylogeny 
of  the  Echini,  pp.  131,  170).  Centrechinus  has  all  oculars  exsert  up  to  15 
nun.  diameter,  and  with  intermediate  stages  still 
has  4  per  cent  all  exsert  when  40  to  50  mm. 
diameter.  Strongylocentrotus  drdbachiensis,  on 
the  contrary,  has  typically  oculars  all  exsert  only 
in  very  young  specimens  and  has  only  29  per 
cent  with  all  exsert  in  specimens  (51)  between  2.5 
and  4  nun.  in  diameter;  further,  it  has  only  4  per 
cent  with  oculars  all  exsert  in  specimens  (82) 
between  4  and  5  mm.  diameter.  Centrechinus 
first  attains  the  species  character  of  oculars  I, 
V,  IV  insert  as  a  dominant  feature  (45  per  cent) 
when  it  is  25  to  30  mm.  in  diameter.    Strongylo-  ^ 

centrotus  drdbachiensis  attains  I,  V  insert,  the  ^^'lA^tS^^S^jt^SL?^^ 
species  character,  as  a  dominant  feature  (52  per  SSS!%"gSS;i  i2S?W 
cent)  when  5  to  10  mm.  m  diameter.     In  Centre-       SS?SS?l?5Sfui'SSS£«.^ 


1 1  resiet  to  ny  that  by  error  in  the  figure  inibUahed  of  a  youis  Centrechinus  (Phytogeny  of  the  Echini, 
fig.  88,  p.  106).  genital  poret  are  ihown.    The  ipedmen  has  no  poret  and  they  were  inadvertently  drawn. 
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chinus  when  oculars  begin  to  enter  the  periproct,  the  first  to  enter  is  V  or  I, 
but  in  the  Montego  Bay  series  V  is  by  far  the  more  common,*  they  being  in 
the  ratio  of  102  of  ocular  V  to  23  of  ocular  I.  In  this  feature  Centrechinus 
makes  an  approach  to  the  Cidaridae,  in  which  group,  when  one  ocular  is 
insert,  it  is  almost  always  ocular  V.  As  previously  shown,  when  in  the 
Centrechinoida  four  oculars  reach  the  periproct,  it  is  typically  I,  V,  IV,  II, 
and  when  any  other  combination  exists  it  is  nearly  always  I,  V,  IV,  III. 
This  combination,  while  rare  in  the  Centrechinoida  as  a  whole,  is  rela- 
tively more  frequent  in  Centrechinus  and  is  a  typical  feature  or  a  frequent 
variant  in  some  species  of  the  Cidaridae.  In  this  feature  also,  therefore, 
Centrechinus  makes  a  certain  approach  to  the  Cidaroida. 

In  Centrechinus,  when  opened  fresh  and  alive,  it  is  found  that  the  teeth 
extend  above  the  base  of  the  foramen  magnum  about  to  the  upper  line  of 
the  lantern,  but  the  proximal  base  of  the  teeth  does  not  extend  horizontally 
over  the  lantern  as  in  the  Echinidae,  Strongylocentrotidae,  and  Echinome- 
tridae.  Further,  the  dental  capsule,  inclosing  the  base  of  the  tooth,  is  small. 
In  the  limits  of  the  teeth  dorsally  and  the  small  dental  capsule,  as  well  as 
in  the  grooved  teeth,  Centrechinus  makes  a  close  approach  to  the  characters 
of  the  Cidaridae  as  represented  by  Eucidaris  tribuloides. 


Figs.  3-6. — Perignathic  sirdle  in  Aspidodiadema  and  its  development  in  Centr$ckinus. 
a.^Adult  Aspidodiadema  meijerti  (DOderlein),  Pailolo  channel,  Hawaiian  lalands.     The  anxidei  are 

separate  spur-like  styles. 
3. — Cmlruhinus  sdosus  (Leske).  Montego  Bay,  Jamaica.    Specimen  5  mm*  diameter.    Aurldes  are 

separate  styles,  apophyses  faint. 
4. — ^The  same.    Specimen  10  mm.  diameter.    Auricles  are  more  developed  and  arch  over  the  ambulacra. 
5- — ^Tbe  same.    Specimen  as  mm.  diameter.    Auricles  meet  over  the  ambulacra  in  a  slender  arch. 
6^~The  same.    Specimen  70  mm.  diameter.    Auricles  developing  a  high  plate-like  character,  apophyses 

also  are  high. 
l.'—CentrtcJdnus  ulotus,  Bermuda.     Specimen  no  mm.  diameter.     Aurides  have  developed  a  high 

plate-like  character;  apophyses  are  high  ridges. 

Very  little  attention  has  been  paid  to  the  development  of  the  perignathic 
girdle  excepting  by  Lov6n,  who  described  it  in  Cidaris  and  Strongylocentrotus 
(Echinologica).  I  also  have  published  a  few  observations  on  the  develop- 
ment and  variation  of  the  perignathic  girdle.  Centrechinus,  while  being  a 
primitive  type  in  many  respects,  has  in  the  adult  a  specialized  perignathic 
girdle  having  high  auricles  which  meet  in  a  broad  plate-like  arch  over  the 
ambulacra  and  also  high  apophyses  on  the  interambulacral  areas  (fig.  7). 
Such  being  the  character  of  the  adult,  it  is  of  much  interest  to  follow  the 
development  of  this,  which  is  one  of  the  most  specialized  perignathic  girdles 
known  in  Echini.  When  a  specimen  is  5  mm.  in  diameter,  the  apophyses 
show  only  slight  indications  of  development  and  the  auricles  stand  up  as 
separate,  blunt,  spur-like  processes  on  either  side  of  the  ambulacrum  (fig.  3). 

>  In  previous  observations  from  various  localities  with  limited  material,  ocular  I  predominated  Ofver  V 
numerically. 
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The  upper  ends  of  the  auricles  at  this  early  stage  are  slightly  flattened,  but 
do  not  arch  over  the  ambulacrum  at  all.  In  a  specimen  10  mm.  in  diameter, 
the  apophyses  have  developed  somewhat,  and  the  auricles  are  inclined  over 
the  ambulacral  area,  but  do  not  meet  (fig.  4).  In  specimens  25  mm.  in 
diameter  the  apophyses  have  developed  into  distinct  elevated  ridges,  and 
the  auricles  have  met  over  the  ambulacral  areas  as  slender  arches  (fig.  5). 
From  this  point  on  to  the  adult  the  development  of  the  perignathic  girdle 
is  marked  by  the  increase  in  height  of  the  apophyses  and  concurrently  the 
increase  in  height  and  the  lamellar  expansion  of  the  auricles  (figs.  6,  7). 

In  seeking  comparisons  to  these  stages  of  Centrechinus  in  the  adults  of 
related  forms,  it  is  found  in  Aspidodiadema  meijerei  (D5derlein),  A.  nico- 
baricum  Ddderlein,  and  Dermatodiadema  horridum  A.  Agassiz,  representing 
the  family  Aspidodiadematidae,  that  the  auricles  exist  as  small  conical  spurs 
situated  on  either  side  of  the  ambulacral  areas,  and  apophyses  are  not 
developed  (fig.  2).  This  condition  corresponds  with  the  first  stage  noted 
in  the  development  of  Centrechinus  (fig.  3).  This  relation  of  the  perignathic 
girdle  is  of  much  interest  because  in  the  Aspidodiadematidae  the  simple 
ambulacral  plates,  the  large  primordial  ambulacral  plates  on  the  peristome, 
the  large  apical  disk  and  simple  spur-like  auricles  are  all  primitive  characters, 
indicating  that  the  family  is  more  primitive  structurally  than  is  the  still 
primitive  family  of  the  Centrechinidae.  While  primitive  in  many  char- 
acters, the  Aspidodiadematidae  is  specialized  in  that  all  the  oculars  reach 
the  periproct,  and  Centrechinus^  while  belonging  to  the  primitive  suborder 
Aulodonta,  is  specialized  in  its  great  development  of  the  perignathic  girdle. 
This  shows  how  primitive  and  specialized  features  may  be  combined  in  one 
and  the  same  type. 

Mr.  Agassiz  (Panamic  Echini,  1904,  p.  59)  says  of  the  Aspidodiade^ 
matidse:  "The  auricles  are  most  irregularly  developed.  They  are  either 
wanting  or  mere  projections,  slightly  raised."  I  have  examined  three  rep- 
resentative species  and  a  number  of  specimens  of  this  family,  and  find 
no  evidence  that  the  auricles  are  irregularly  developed.  In  adults  they  are 
not  wanting  except  where  broken  oflf.  They  are  perfectly  definite  spur- 
like  projections,  and  of  much  interest  as  being  structurally  the  most  primi- 
tive auricles  known  in  any  of  the  adult  Centrechinoida.  As  the  Cidaroida 
have  apophyses  but  no  auricles,  and  as  these  structures  make  their  first 
known  appearance  in  the  Centrechinoida,  the  simplicity  of  their  structure 
in  adults  of  the  Aspidodiadematidae  and  in  the  young  of  Centrechinus  is  of 
particular  interest. 

ToxoPNEUSTES  VARIEGATUS  (Lamarck). 

A  common  species  at  Montego  Bay  is  Toxopneustes  variegatus  (Lamarck) , 
which  is  found  abundantly  on  the  grass-covered  bottom  in  shallow  water. 
Specimens  attain  a  large  size,  some  measuring  70  mm.  in  diameter.  Few 
yoimg  specimens  w«^  found,  though  this  is  perhaps  due  to  the  fact  that 
special  search  was  not  attempted,  from  limitations  of  time.    The  test  is 
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mottled  green  and  white,  with  green  spines  as  the  prevailing  color.  Some 
young  specimens  show  on  the  green  and  white  groundwork  purple  pri- 
mary tubercles  and  purplish  spines.  A  peculiar  color-pattern  was  observed 
as  a  relatively  rare  variation  in  the  fact  that  in  the  interambulacral 
areas  of  some  specimens  the  green  followed  a  zigzag  pattern  on  a  white 
ground  and  extended  thus  from  the  apical  disk  adorally,  but  in  no  case 
observed  extended  further  than  the  ambitus.  The  zigzag  green  color- 
pattern  on  a  cream-white  ground  of  a  specimen  measuring  45  mm.  in  diam- 
eter is  shown  in  fig.  8.  The  lower  figure  on  the  same  plate  is  of  a  somewhat 
larger  specimen,  measuring  48  mm.  in  diameter,  in  which  the  zigzag  pattern 
occurs  only  near  the  apical  portion  of  the  test.  Both  of  these  specimens 
with  others  figured  in  this  paper  are  now  in  the  collections  of  the  Museum 
of  Comparative  2k)5logy,  at  Cambridge,  Mass.  This  tjrpe  of  color-pattern 
was  quite  new  to  Dr.  Clark  and  Professor  Tennent,  both  of  whom  had 
worked  on  the  species,  and  I  had  never  seen  it  before,  although  I  have 
studied  many  specimens  from  different  localities. 

Being  busy  with  other  species,  no  attempt  was  made  to  collect  a  large 
series  of  Toxopneustes  variegatus  for  a  study  of  ocular  plates,  but  400  speci- 
mens are  tabulated.  These  are  of  various  sizes,  but  none  were  young  and 
they  were  not  graded  into  sizes  for  comparison.  Of  this  series,  2  specimens, 
0.5  per  cent,  have  ocular  I  only  insert  as  arrested  variants,  and  one  specimen, 
0.3  per  cent,  has  ocular  V  only  insert;  84  per  cent  have  oculars  I,  V  insert 
(figs.  8, 9),  which  is  the  species  character  in  all  localities;  15  per  cent  are  pro- 
gressive variants  with  oculars  I,  V,  IV  insert.  Four  specimens,  i  per  cent, 
are  aberrant  variants  and  all  of  these  have  oculars  I,  V,  II  insert.  The 
ocular  character  is  practically  the  same  as  I  showed  previously  in  this  species 
from  several  localities,  but  the  Mont^;o  Bay  material  has  a  somewhat  lower 
percentage  of  I,  V  and  corresponding  higher  percentage  of  I,  V,  IV  insert. 
My  previous  observations  on  1,043  specimens  gave  90  per  cent  I,  V  insert 
and  8  per  cent  I,  V,  IV.  Comparison  of  the  tabulation  of  this  species  may 
be  made  with  that  of  the  closely  allied  Toxopneustes  atlanticus  (A.  Agassiz) 
from  Bermuda,  in  which  I  showed  (Phylogeny  of  the  Echini,  p.  161)  that 
the  mature  series  (45-77  mm.  diameter)  has  a  much  higher  percentage  (28 
to  29  per  cent)  of  oculars  I,  V,  IV  insert  than  has  Toxopneustes  variegatus. 
The  Montego  Bay  experience  in  the  cases  of  several  species  brought  out  the 
fact  clearly  that  for  a  close  study  of  variation  it  is  very  desirable  to  tabulate 
ocular  plate  characters  in  specimens  from  a  single  definite  locality  because 
considerable  difference  in  a  given  species  may  occur  in  different  localities. 

In  Toxopneustes  variegatus,  when  opened  fresh,  it  is  found  that  the  proxi- 
mal part  of  the  teeth  extend  horizontally  over  the  top  of  the  lantern  and  the 
teeth  are  bent  back  on  themselves  in  the  same  plane,  also  the  dental  capsules 
which  inclose  the  base  of  the  teeth  are  large  and  bladder-like,  in  these  char- 
acters differing  from  Eucidaris  and  Centrechinus,  but  agreeing  with  Strongy^ 
locentrotus  as  I  previously  described  it.  In  a  young  specimen  12  mm.  in 
diameter,  the  auricles  are  still  separate,  but  in  larger  3pecimens  they  are 
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joined  in  an  arch  over  the  ambulacral  areas.  In  large  adults  the  apophyses 
are  developed  as  a  moderate  ridge  and  auricles  are  joined  in  a  delicate  arch 
which  never  becomes  heavy,  as  in  large  specimens  of  Tripneustes, 

Tripneustes  esculentus  (Leske). 

One  of  the  abundant  species  at  Montego  Bay  is  Tripneustes  esculentus 
(Leske).  It  occurs  on  grass  bottom  and  also  on  the  reefs  in  shoal  water, 
and  is  a  strikingly  handsome  sea-urchin  when  alive,  with  its  white  spines 
against  the  dark  purplish  groundwork  of  the  fleshy  covering  of  the  test. 
The  larger  individuals  live  out  in  the  open  in  full  view,  but  young  specimens 
are  found  only  in  crevices  or  on  the  under  side  of  rocks.  The  young  are 
not  common,  and  although  sought  for  diligently,  no  very  young  specimens 
were  found  and  only  a  limited  number  of  the  youngest  seen  were  obtained. 
Perhaps  some  other  time  of  year,  as  summer  or  autumn,  would  be  more 
favorable  for  young  material  of  this  species.  In  Tripneustes  esculentus  from 
this  locality  the  ocular  plates  continued  to  travel  in  or  enter  the  periproct, 
from  the  youngest  to  the  largest  series  of  specimens  observed,  as  shown  by 
the  tabulation.  For  this  reason,  as  regards  the  feature  of  ocular  plate 
development,  what  is  called  the  developing  series  for  this  species  in  the  table 
is  arbitrarily  drawn  at  a  maximum  of  70  mm. 

Taking  up  the  developing  series:  Ten  specimens  of  20  to  25  mm.  diam- 
eter have  50  per  cent  with  ocular  I  only  insert,  and  50  per  cent  with  oculars 
I,  V  insert.  Younger  specimens  would  doubtless  have  all  oculars  exsert  as  a 
developing  stage.  The  next  size,  25  to  30  mm.  diameter,  21  specimens, 
has  24  per  cent  with  ocular  I  only  insert  and  76  per  cent  with  I,  V  insert. 
The  relations  of  these  two  younger  series  shows  that  it  is  a  period  of  rapid 
development.  The  next  series,  30  to  40  mm.  diameter,  60  specimens,  has 
12  percent  with  I  only  insert;  80  per  cent  with  I,  V  insert;  2  per  cent  with 
I,  V,  IV  and  2  per  cent  with  I,  V,  IV,  II  insert.  Three  specimens,  5  per  cent, 
are  aberrant  with  I,  V,  II  insert.  This  stage,  while  holding  the  I  only  insert 
as  a  developing  character,  has  attained  the  I,  V;  the  I,  V,  IV;  and  the  I,  V, 
IV,  II  insert;  which  are  each  respectively  the  feature  of  the  species  as  a 
character  in  one  or  more  of  the  several  localities  from  which  material  was 
studied,  but  the  relative  proportions  of  the  three  characters  differ  from 
that  of  any  known  adult  series. 

The  series  40  to  50  mm.  diameter,  42  specimens,  has  lost  the  I  insert  ais 
a  youthful  character;  90  per  cent  have  oculars  I,  V  insert;  2  per  cent  have 
I,  V,  IV,  and  2  per  cent  have  I,  V,  IV,  II  insert.  Five  per  cent  are  aberrant, 
one  of  the  two  specimens  having  I ,  V,  1 1  insert  and  the  other  V,  1 1  insert.  This 
stage  has  the  highest  percentage  of  I,  V  insert  of  any  age  of  material  from 
Montego  Bay.  The  series  50  to  70  mm.  diameter,  34  specimens,  has  53 
per  cent  with  oculars  I,  V  insert;  18  per  cent  with  I,  V,  IV;  and  6  per  cent 
with  I,  V,  IV,  II  insert.  Aberrants  are  24  per  cent,  eight  specimens,  all  of 
which  have  oculars  I,  V,  II  insert.  The  developing  series  in  its  later  phases 
may  be  compared  broadly  with  material  from  Bermuda  or  other  localities 
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for  the  species  in  whidi  oculars  I,  V  insert  is  the  adult  local  character,  as 
it  is  the  youthful  character  in  these  immature  stages  from  Montego  Bay. 

The  next  larger  series,  70  to  90  mm.  diameter,  125  specimens,  has  one 
specimen  with  ocular  I  insert  as  an  arrested  variant;  30  per  cent  have 
oculars  I,  V  insert.  The  latter,  which  was  the  leading  character  in  the  later 
developing  stages,  has  now  passed  into  the  phase  of  an  arrested  variant. 
34  per  cent  have  oculars  I,  V,  IV  insert,  and  this  is  the  dominant  character  of 
this  age.    As  a  phase  it  can  be  compared  with  a  series  of  adults  from  the 
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Figs.  X0-X4. — Nonnal  ocular  plate  arrangement  in  TripneusUs  escuUntus  (Leske), 
Montego  Bay,  Jamaica.    Al]  figures  nearly  X  3. 
10. — Diameter  99  mm.    Ocular  I  only  insert,  an  extreme  anetted  variant. 
II. — ^Diameter  X14  mm.    Oculan  I,  V  insert,  an  arrested  variant  for  the  locality. 
la.—^Diameter  1 10  mm.    Oculars  I.  V,  IV  insert,  an  arrested  variant  for  the  locality. 
13.— Diameter  1x5  mm.    Oculars  I,  V,  IV,  II  insert,  the  typical  character  for  the  locality. 
14. — Diameter  xo6  mm.    All  oculars  insert,  a  progressive  variant. 

Bahamas  in  which  locality  I,  V,  IV  insert  is  the  typical  character.  Twenty- 
eight  per  cent  have  oculars  I,  V,  IV,  II  insert,  which  at  this  stage  may  be 
considered  a  progressive  character  as  it  is  at  all  other  known  localities  for 
the  species.  In  8  per  cent  the  ocular  arrangement  is  aberrant,  all  of  the 
ten  specimens  having  oculars  I,  V,  II  insert. 

The  next  series,  90  to  i  lo  mm.  diameter,  200  specimens,  has  one  speci* 
men  with  ocular  I  only  insert  as  an  arrested  variant  (fig.  10),  and  one 
specimen  with  ocular  V  alone  insert.  For  ocular  V  only  to  be  insert  is  a 
rare  variation  in  Tripneustes  and  is  unusual  in  the  family  Echinidse.  In  22 
per  cent  oculars  I,  V  are  insert.  This,  which  was  the  character  of  the  later 
developing  series  and  is  the  character  of  adults  at  Bermuda  and  Florida, 
has  dropped  considerably  in  its  percentage  as  an  arrested  variant.  In  24 
per  cent  oculars  I,  V,  IV  are  insert.    This  character  for  Montego  Bay  has 
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at  this  stage  dropped  into  the  phase  of  an  arrested  variant,  though  it  was 
the  dominant  character  in  the  series  70  to  90  mm.  in  diameter  and  is  the 
adult  character  in  a  series  from  the  Bahamas.  Forty  per  cent  have  oculars 
I,  V,  IV,  II  insert.  This  is  the  first  series  in  which  this  character  is  a  domi- 
nant feature  at  Montego  Bay,  and  for  all  earlier  stages  in  this  locality  and 
for  all  other  localities  known  it  is  a  progressive  character.  Two  per  cent 
have  all  oculars  insert  as  a  progressive  variant  (fig.  14).  It  is  somewhat 
striking  that  with  four  oculars  insert  as  a  dominant  character,  there  should 
not  be  more  specimens  with  all  oculars  insert.  In  this  series,  25  specimens, 
13  per  cent,  have  an  aberrant  arrangement  of  ocular  plates.  Of  these 
aberrants,  22  have  oculars  I,  V,  II  insert;  two  have  I,  V,  IV,  III  insert  (fig. 
16),  a  very  rare  variant  in  the  Echinidse  when  four  plates  reach  the  peri- 
proct,  but  although  rare  here,  it  is  a  common  character  in  the  Cidaridae 
and  a  not  rare  variant  in  Centrechinus  setosus.    One  aberrant  specimen  of 

■"  m  ™ 


IS  16  17 

Figs.  15-17. — ^Abenant  ocular  plate  airangement  in  TripnnuUs  escuUntus  (Leske),  Montego 
Bay,  Jamaica.    All  figure*  nearly  X  2, 

Pig.  15. — ^Diameter  115  mm.  Oculan  I.  IV.  II  insert,  a  common  aberrant  variant,  a  right-handed  equiva^ 
lent  of  the  normal  character  I.  V.  IV  insert. 

Fig.  16. — Diameter  106  mm.  Oculars  I.  V,  IV,  III  insert,  a  rare  aberrant  variant,  but  the  usual  one  when 
four  oculan  but  not  I,  V,  IV,  II  are  insert. 

FIG.  17. — Diameter  loa  mm.  Ocolars  I,  V.  II,  III  insert,  a  unique  aberrant  variant,  a  right-handed  equiva- 
lent of  I,  V,  IV,  III  insert. 

Tripneustes  has  oculars  I,  V,  II,  III  insert  (fig.  17).  This,  which  is  a 
right-handed  equivalent  of  I,  V,  IV,  III  Oust  as  I,  V,  II  is  a  right-handed 
equivalent  of  I,  V,  IV)  is  a  unique  variant  for  Echini  as  far  as  my  experi- 
ence goes.  In  the  Centrechinoida,  as  tabulated  in  my  preceding  memoir 
and  in  the  present  paper,  619  specimens  are  recorded,  in  which  four  plates 
reach  the  periproct.  Of  these,  in  554  specimens  (89.5  per  cent)  it  is  oculars 
I,  V,  IV,  II  the  bivium  and  posterior  pair  of  the  trivium,  in  64  specimens 
(10.3  per  cent)  it  is  the  aberrant  arrangement  I,  V,  IV,  III,  and  in  the  one 
specimen  cited  (0.16  per  cent)  it  is  I,  V,  II,  III.  (Compare  figs.  13,  16,  17.) 
The  series  containing  the  largest  specimens,  no  to  132  mm.  diameter, 
82  specimens,  has  13  per  cent  with  oculars  I,  V  insert  as  arrested  variants 
(fig.  11);  24  per  cent  with  I,  V,  IV  insert  as  arrested  variants  (fig.  12);  and 
43  per  cent  with  I,  V,  IV,  II  insert  as  the  local  character  of  the  species  (fig. 
13).  Five  per  cent  have  all  oculars  insert  as  a  progressive  variation,  and  15 
per  cent,  12  specimens,  are  aberrant  in  ocular  arrangement.    Of  these 
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aberrants,  ii  specimens  have  oculars  I,  V,  II  insert  (fig.  15),  and  one  has 
V,  IV,  II  insert.  In  this  specimen  genitals  5  and  i  are  fused,  mechanically 
shutting  out  ocular  I  from  access  to  the  periproct. 

The  series  of  Tripneustes  esadentus  from  Montego  Bay  is  very  interest* 
ing  from  the  point  of  view  of  ocular  development  on  several  accounts.  The 
specimens  show  a  direct  progressive  increase  in  the  number  of  oculars  insert 
and  the  relative  percentages  of  the  same  from  the  youngest  to  the  largest 
series  observed.  In  specimens  fully  matured,  as  regards  this  character, 
and  including  from  90  to  132  mm.  in  diameter,  they  have  as  the  dominant 
character  (40  to  43  per  cent)  the  oculars  I,  V,  IV,  II  insert.  This  is  the  only 
locality  known  for  thb  species,  and  it  is  the  only  recent  species  known* 
in  which  four  oculars  reach  the  periproct  as  a  typical  character.  In  pre- 
vious studies  of  Tripneustes  esculentus,  many  specimens  were  tabulated  from 
several  localities,  but  without  detailed  measurements  of  the  size  of  the 
specimens.  As  the  material  was  from  various  sources,  it  is  impossible  to 
go  over  it  again  to  ascertain  the  sizes  but  it  is  fair  to  say  that  the  material 
was  practically  all  adults.  With  this  qualification  it  is  interesting  to  com- 
pare the  tabulations  of  Tripneustes  esculentus  from  the  several  localities  from 
which  there  was  sufficient  material  to  give  any  reasonable  basis  for  con- 
sideration. 


Table 

1. 

4 

Locality. 

Oculari 

iiuert;v. 

IV.  u,  nx 

C3C8ert* 

Ocular  V 

insert;  i. 

IV,  n.  m 

exsert. 

Oculars  i. 

V  insert; 

IV,  II.  m 

eicsert. 

Oculars  i, 

V.  IV  insert; 

n.  ni  ex- 

sert. 

Oculars  I. 

V,  IV,  n 
insert;  in 

enert. 

All  oculars 
insert. 

Arrange- 
ment of 
oculars 

aberrant. 

p.ct.l  No. 

p.ct. 

No. 

p.ct. 

No. 

p.ct. 
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p.  ct. 

No. 

p.ct.'  No. 

p.ct. 

No. 

193 

1X3 
160 
383 

Florida.. . 

a 

3 

61 
46 

32 
19 

1x7 
53 

35 

54 

35 
24 

67 
33 

2? 

a 

13 

37 
40 

3 

13 

43 

XI4 

0.5        X 

"i r 

X 
13 

3 
13 

a 
13 

5 
37 

X 

0.6 
04 

I 
I 
I 

Bahamas.. 
Jamaica^. 

0-4 

I 

»S 

K>  to  X 

23  mm 

.  diam 

eter. 

As  shown  in  table  i,  Tripneustes  from  Bermuda  is  characterized  strongly, 
61  per  cent,  by  having  oculars  I,  V  insert,  with  35  per  cent  I,  V,  IV  insert  as 
progressive  variants,  also  in  2  per  cent  I,  V,  IV,  II,  and  0.5  per  cent  all 
oculars  one  insert  as  progressive  variants.  The  aberrants  are  few,  i  per 
cent,  one  specimen  having  I,  V,  II  and  one  having  V,  IV,  II  insert.  This 
Bermuda  lot  is  the  most  primitive  of  the  species  that  I  know  of  as  regards 
ocular  arrangement  in  adults. 

Tripneustes  from  Florida  has  46  per  cent  with  oculars  I,  V  insert,  which 
is  still  the  dominant  character,  but  with  a  lower  percentage  than  at  Bermuda. 
As  progressive  variants,  29  per  cent  have  I,  V,  IV  insert,  and  12  per  cent 
have  I,  V,  IV,  II.  The  aberrants  are  12  per  cent,  all  being  cases  of  I,  V,  II 
insert.  Florida  specimens,  while  having  oculars  I ,  V  insert  as  the  character, 
have  a  lower  percentage  of  this  character  and  a  higher  percentage  of  progres- 

I  In  Acrosalenia  pseudodecorata  Cotteau.  from  the  Bathonien  of  France,  oculars  I,  V.  IV,  II  are  said  to 
be  insert  as  a  species  character  (Phylogeny  of  the  Echini,  p.  XX3). 
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sive  variants  than  Bermuda  material,  hence  it  is  structurally  an  advance 
on  that  and  a  step  towards  the  next  higher  advance  as  represented  in  the 
series  from  the  Bahamas. 

Material  from  the  Bahamas  collected  by  C.  J.  Maynard  has  only  22  per 
cent  of  I ,  V  insert.  This  is  not  the  character  of  the  locality  and  has  therefore 
passed  into  the  phase  of  an  arrested  variant.  There  are  46  per  cent  with 
oculars  I,  V,  IV  insert.  This  is  the  dominant  character  of  the  Bahama  mate- 
rial, while  it  would  be  a  progressive  variant  for  Bermuda  and  Florida,  and 
further,  would  be  an  arrested  variant  for  the  Montego  Bay  series.  In  the 
Bahamas,  27  per  cent  have  I,  V,  IV,  II  insert,  a  common  progressive  variant, 
and  2  per  cent  have  all  oculars  insert.  The  aberrants  are  relatively  few, 
3  per  cent,  four  of  the  aberrants  having  I,  V,  II  insert  and  one  having 
I,  V,  IV,  III  insert.  Structurally,  in  its  percentages  of  ocular  arrangement, 
the  Bahama  material  is  intermediate  between  the  Florida  and  Montego  Bay 
series. 

The  Montego  Bay  material,  considering  only  the  two  largest-sized  series 
tabulated  on  page  156  and  treating  them  as  a  single  series  of  90  to  132  mm. 
diameter,  has  19  per  cent  with  oculars  I,  V  insert  as  a  moderately  common 
arrested  variant,  but  with  the  lowest  percentage  of  any  of  the  localities 
given.  In  24  per  cent  oculars  I,  V,  IV  are  insert,  which,  for  this  locality,  is  an 
arrested  variant,  though  it  is  a  progressive  variant  for  Bermuda  and  Florida, 
and  a  dominant  character  for  the  Bahamas.  In  40  per  cent,  oculars  I,  V, 
IV,  II  are  insert,  the  dominant  character  for  this  locality,  though  it  is  a 
progressive  variant  for  all  the  other  localities;  3  per  cent  have  all  the 
oculars  insert,  which  as  a  progressive  variant,  is  only  a  slight  advance  on 
that  existing  in  the  other  regions  cited.  The  aberrants,  13  per  cent,  have 
already  been  considered  above,  and  do  not  need  further  mention  excepting 
that  it  is  interesting  that  most  of  them  are  cases  of  I,  V,  II  insert,  as  in  other 
localities. 

In  all  the  localities  given  TripneusUs  esculentus  is  an  abundant  form^ 
and  in  all  attains  a  large  size.  The  specimens  from  Bermuda  were  collected 
for  me  and  averaged  very  large,  the  largest  measuring  145  mm.  in  diameter, 
yet  this  locality  has  the  lowest  ocular  index.  The  cause  of  the  progressive 
evolutionary  series  as  marked  by  the  higher  and  higher  percentages  of  ocular 
plates  reaching  the  periproct  is  unknown,  but  it  is  a  fact  that  it  exists  and 
points  to  the  desirability  of  studying  large  series  of  specimens  from  different 
localities. 

In  Tripneustes  esculentus^  when  opened  alive,  it  is  seen  that  the  teeth 
extend  above  the  top  of  the  lantern  and  horizontally  over  the  top  of  the 
same.  The  proximal  end  of  the  tooth  is  curved  back  on  itself  and  is  grooved^ 
the  keeled  character  developing  as  one  passes  orally  along  the  tooth.  The 
dental  capsules  are  relatively  large,  all  this  structure  coinciding  with  that 
previously  described  in  Strongylocentrotus  drobachiensis.  In  a  young 
specimen  of  Tripneustes,  24  mm.  in  diameter,  the  auricles  are  slender,  but 
already  meet  in  an  arch  over  the  ambulacra.     In  large  adults  the  auricles 
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are  quite  massive  and  are  fused  over  the  ambulacra  in  a  long  median 
symphysis.  They  may  attain  a  height  of  14  mm.  or  more.  The  apophyses 
are  also  relatively  high  and  massive  in  large  specimens. 

ECHINOMETRA  LUCUNTER   (Linn6). 

Close  in  to  shore  on  the  coral  rock  at  Montego  Bay  and  in  very  shallow 
water  Echinotnetra  lucunter  (Linn6)  occurs  in  abundance.  Not  only  adults 
but  individuals  of  all  sizes,  down  to  very  young,  live  in  the  same  exposed 
situation,  where  they  get  the  full  beat  of  the  waves  on  shore.  This  species 
clings  tenaciously  to  the  rock  and  has  to  be  pulled  off  from  the  rock  with 
some  effort.  The  ocular  development  of  this  species  is  very  interesting, 
but  unfortunately  this  was  not  appreciated  until  it  was  too  late  to  gather 
more  material  and  only  a  limited  series  was  collected.  These  were  supple- 
mented by  a  few  specimens  collected  at  the  same  time  by  Mr.  G.  M.  Gray. 
A  large  series  could  easily  be  obtained  in  this  locality.  As  Echinotnetra 
lucunter  is  more  or  less  elliptical  in  horizontal  outline,  being  elongated  in 
the  plane  of  the  axis  of  interambulacrum  3  and  ambulacrum  I,  the  measure- 
ments of  sizes  are  given  in  length  instead  of  in  diameter,  as  in  the  other 
species  considered. 

Considering  the  developing  series  of  Echinometra,  a  set  of  34  specimens 
measuring  4.5  to  15  mm.  in  length  have  all  the  oculars  exsert.  Of  this 
series,  those  from  4.5  to  10  mm.  in  length  (26  specimens)  were  all  wanting 
in  genital  pores,  but  these  pores  exist  in  all  the  larger  sizes  examined.  The 
series  15  to  20  mm.  in  length,  23  specimens,  has  91  per  cent  with  all  oculars 
exsert  and  9  per  cent  with  ocular  V  insert.  While  ocular  I  is  the  first  to 
enter  the  periproct  in  the  Echinidae  and  Strongylocentrotidae,  it  is  ocular 
V  that  typically  enters  the  periproct  first  in  the  Arbaciidae  and  the  Echino- 
metridae,  thus  indicating  family  distinctions  in  ocular  development. 

In  the  series  20  to  25  mm.  in  length,  58  specimens,  in  71  per  cent  oculars 
are  all  exsert  and  29  per  cent  have  ocular  V  insert.  In  the  25  to  30  mm. 
series,  no  specimens,  34  per  cent  have  oculars  all  exsert;  2  per  cent  have 
ocular  I  insert.  These  are  the  only  cases  with  ocular  I  only  insert  found  in 
Montego  Bay  material  and  it  is  a  rare  variation  in  the  genus  and  family,  as 
previously  shown.  In  54  per  cent  ocular  V  is  insert.  This  series  is  the  first 
stage  in  growth  in  which  the  typical  species  character  of  V  insert  is  a  dom- 
inant feature.  In  10  per  cent,  oculars  V,  I  are  insert  and  in  the  limited 
number  of  specimens  this  is  the  first  stage  at  which  this  character  appeared. 
With  more  material  some  specimens  would  probably  be  found  having  I,  V 
insert  at  an  earlier  stage  of  growth.  This  series  is  considered  the  last  of 
the  developing  stages,  but  the  line  as  regards  ocular  development  is  arbitrary 
because,  as  seen  in  the  later  series,  oculars  continue  to  come  in  with  increas- 
ing size  of  the  individuals. 

Of  the  series  30  to  40  mm.  in  length,  175  specimens,  17  per  cent  have 
oculars  all  exsert  as  arrested  variants,  58  per  cent  have  ocular  V  alone 
insert  as  the  typical  species  character,  and  25  per  cent  are  progressive 
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variants  with  oculars  V,  I  insert.  The  percentage  of  V  insert  at  this  age  is 
quite  near  that  of  the  next  larger  series,  but  there  are  more  arrested  and  fewer 
progressive  variants  than  in  the  older  series.  The  series  40  to  52  mm.  in 
length,  103  specimens,  includes  the  largest  specimens  collected  at  Montego 
Bay.  From  other  localities  specimens  may  attain  a  length  of  90  or  more 
millimeters.  Of  this  series,  7  per  cent  have  all  oculars  exsert  as  arrested 
variants;  66  per  cent  have  ocular  V  insert  as  the  maximum  development  of 
the  species  character  in  the  locality;  26  per  cent  have  oculars  V,  I  insert  as 
progressive  variants.  One  specimen,  i  per  cent,  has  oculars  V,  II  insert 
as  an  aberrant  variant,  and  this  was  the  only  aberrant  found  in  the  whole 
series  of  503  specimens  collected  at  Montego  Bay. 

Considering  the  ocular  arrangement  of  Echinometra  lucunter  at  Montego 
Bay  as  a  whole:  It  is  a  desirable  type  to  study  because  its  species  character 
is  to  have  one  ocular  insert,  and  this  is  a  very  unusual  feature  in  Echini, 
otherwise  occurring  only  in  the  recent  Saleniidae  and  in  Echinus  magd- 
lanicus  Philippi  from  South  America.  Other  Echini,  both  recent  and 
fossil,  are  characterized  as  the  species  feature  of  adults  by  having  all  oculars 
exsert,  or  two  oculars  insert,  or  three  or  more  insert,  usually  three  or  five. 
Five  insert  is  a  not  unusual  feature  in  both  living  and  fossil  types  as 
far  back  as  the  Palaeozoic.  In  Echinometra  lucunter  it  is  seen  that  oculars 
are  all  exsert  up  to  a  comparatively  large  size,  15  mm.,  after  which  oculars 
travel  in  gradually  with  increasing  size,  the  highest  percentages  of  insertness 
being  in  full-grown  specimens.  Comparing  the  present  tabulation  of  this 
species  with  that  previously  published  (Phylogeny  of  the  Echini,  p.  163), 
it  is  seen  in  both  that  ocular  V  insert  is  the  species  character,  though  in 
Bermuda  material  oculars  V,  I  insert  is  nearly  as  frequent.  In  both  lots 
ocular  I  insert  is  a  rare  feature,  and  aberrant  ocular  arrangement  is  rare. 
As  material  previously  tabulated  was  not  graded  by  size,  no  comparison 
can  be  made  in  this  respect. 


Figs.  i8>ai. — ^Devdopment  of  Uie  perlgnathic  girdle  in  Echinometra  huunUr  (Liim6). 
Fig.  x8. — ^Yoang  specimen  from  Monteso  Bay.  Jamaica.    Specimen  s  mm.  long.    Auricles  are  erect  separate 

•tylet. 
Fio.  19. — ^The  same.    Specimen  8  mm.  long.    Auricles  arched  over  the  ambulacrum  but  separate,  apophyses 

develoj^ng. 
Fig.  ao. — ^The  same.    Specimen  15  mm.  long.    Auricles  joined  in  suture  over  the  ambulacrum. 
Fig.  21. — Large  adult  from  Bermuda.    Specimen  65  mm.  long.   Auricles  luoduced  vertically  as  high  spoon-like 

plates,  apophyses  high  ridges. 

The  teeth  of  Echinometra  lucunter  extend  horizontally  over  the  top  of 
the  lantern  and  the  proximal  end  of  the  tooth  is  bent  back  on  itself  and  in 
the  same  plane,  as  previously  described  in  Strongylocentrotus.  The  proximal 
part  of  the  tooth  is  grooved,  the  keel  developing  as  one  passes  adorally; 
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the  dental  capsules  are  large,  embracing  the  base  of  the  tooth  as  in  the 
Echinidae  and  Strongylocentrotidae.  The  perignathic  girdle  of  Echino- 
tnetra  lucunter  in  the  adult  is  highly  specialized,  having  relatively  high  ridge- 
like apophyses  and  extravagantly  developed  auricles  which  meet  over  the 
ambulacra  and  are  produced  dorsally  as  spoon-shaped  plates  with  a  long 
median  symphysis  (fig.  21).  In  young  specimens,  5  mm.  in  length,  the 
auricles  exist  as  simple  erect  styles  situated  on  either  side  of  the  ambulacra 
but  not  arched  over  the  same  (fig.  18).  In  specimens  10  mm.  in  length, 
the  auricles  arch  over  the  ambulacra,  but  are  still  separate,  not  meeting  in 
median  suture  (fig.  19).  In  a  specimen  15  mm.  in  length,  the  auricles  have 
met  over  the  ambulacra  and  are  joined  by  median  suture,  and  the  apophyses 
exist  as  moderately  developed  ridges  (fig.  20).  From  here  on  to  the  adult 
condition  the  apophyses  increase  in  height  and  the  auricles  gradually  take 
on  an  extensive  vertical  enlargement  of  their  upper  border  (fig.  21).  In 
Echinometra  viridis  A.  Agassiz,  E.  oblonga  BlainvUle,  and  E.  vanbrunti  A. 
Agassiz,  in  adults,  the  auricles  are  relatively  slender,  but  are  united  in 
suture  over  the  ambulacra;  there  is  no  vertical  extension  in  a  spoon-like 
fashion,  however,  and  the  auricles  closely  resemble  the  condition  of  £. 
lucunUr  when  about  15  mm.  in  length. 

In  Echinometra  mathei  Blainville,  in  a  young  specimen  8  mm.  long  from 
Mauritius,  the  auricles  are  still  separate,  but  in  the  adult  the  auricles  are 
joined  in  suture  and  with  moderately  developed  spoon-like  processes,  but 
not  as  high  processes  as  are  those  in  adult  E.  lucunter.  In  Heterocentrotus 
tHgonarius  (Lamarck),  from  Mauritius,  a  young  individual  9  mm.  in 
length,  has  the  auricles  still  separate,  but  in  the  adult  of  this  species 
auricles  are  arched  and  united  over  the  ambulacra  and  with  moderately 
developed  spoon-like  processes. 

SUMMARY  AND  CONCLUSIONS. 

Montego  Bay,  Jamaica,  is  an  excellent  locality  for  studying  Echini  on 
account  of  the  number  of  species  there  available  and  the  abundance  of 
material.  It  is  an  ideal  place  for  a  student  who  wishes  to  supplement 
studies  on  northern  species  by  observations  on  tropical  forms. 

Some  2,878  specimens  of  regular  Echini  were  collected  and  studied,  but 
in  no  case  did  any  specimen  show  a  departure  from  the  typical  pentamerous 
system.  This  is  mentioned  as  in  previous  studies  it  was  found  that,  on 
the  average,  completely  or  partially  trimerous,  tetramerous,  or  hexamerous 
specimens  occurred  a  little  oftener  than  once  in  a  thousand  specimens. 

In  the  '*  Phylogeny  of  the  Echini,"  page  91,  it  is  stated  that  "all  the  evi- 
dence goes  to  show  that  the  full  number  of  oculars  that  are  to  become 
insert  are  developed  early  in  the  life  of  the  individual  and  apparently  later 
no  change  in  this  respect  takes  place."  It  was  assumed  that  in  Echini 
specimens  of  about  half  the  mature  size  could  be  accepted  as  showing  the 
mature  characters  as  regards  oculars,  and  the  tables  of  ocular  plate  vari- 
ation, while  based  principally  on  adults,  were  made  up  on  the  basis  of  con- 
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sldering  specimens  more  than  half-grown  as  being  fully  developed  in  this 
respect.  This  view  was  based  largely  on  studies  of  Strongylocentrotus  dro- 
bachiensiSf  and  in  this  species  the  view  was  fully  justified.  It  is  doubtless 
true  of  many  species,  perhaps  most  species  of  Exdiini,  that  specimens  half- 
grown  have  practically  the  full  character  as  regards  ocular  development. 
It  is  not  entirely  true,  however,  of  all  species,  for  as  shown  in  this  paper, 
in  Centrechinus  setosus,  Tripneustes  esculentus,  and  Echinometra  lucutUer 
(table  2),  ocular  plates  continue  to  come  in  or  enter  the  periproct  as  a 
developing  character  until  nearly  or  quite  grown;  therefore,  as  a  result  in 
these  species,  the  largest  numbers  in  percentage  of  oculars  insert  may  be 
found  in  the  series  of  largest  specimens.  This  is  not  true  of  selected  indi- 
viduals. That  is,  the  largest  specimen  does  not  necessarily  have  more 
oculars  insert  than  a  smaller  individual,  but  taking  a  large  series  of  indi- 
viduals of  these  species,  as  shown  in  the  table,  the  average  of  each  size  up 
to  the  largest  has  more  oculars  insert  than  any  of  the  preceding  sizes.  This 
late  coming  in  of  oculars  in  some  species  is  of  interest  as  showing  the  mobility 
in  adjustment  of  the  test  to  allow  these  changes  to  take  place.  It  is  also 
of  interest  in  support  of  the  view  urged  so  much  by  Professor  Hyatt,  that 
changes  are  taking  place  constantly  throughout  the  life  of  the  individual. 

Centrechinus  setosus  is  slow  and  very  gradual  in  developing  its  characters. 
It  is  slow  in  acquiring  genital  pores  and  very  slow  relatively  in  having 
ocular  plates  enter  the  periproct.  Up  to  15  mm.  in  diameter  no  oculars 
have  yet  entered  the  periproct.  In  the  series  20  to  25  nmi.  in  diameter,  a 
little  more  than  half  of  the  specimens  still  have  all  oculars  exsert.  When 
35  to  40  mm.  in  diameter,  which  is  about  half-grown  for  the  locality,  the 
species  character  of  I,  V,  IV  insert  is  developed  to  a  high  point,  71  per  cent, 
practically  the  maximum  percentage;  but  at  this  age  there  are  more  speci- 
mens representing  developing  characters  and  fewer  representing  progressive 
characters  than  in  older  series.  The  maximimi  of  the  species  character  and 
also  the  maximum  of  the  progressive  characters  of  I,  V,  IV,  II,  and  all  oculars 
insert,  is  seen  in  the  largest  specimens  of  50  to  80  mm.  diameter.  The 
slow  rate  of  development  of  Centrechinus  as  here  shown  (p.  156)  is  graphically 
brought  out  by  comparing  it  with  that  of  the  development  of  Strongylo- 
centrotus drdbachiensis  given  in  the  **  Phylogeny  of  the  Echini,"  page  142. 
Centrechinus  is  a  relatively  primitive  (and  geologically  old)  genus  in  the 
lowest  suborder  (the  Aulodonta)  of  the  Centrechinoida.  On  the  other 
hand,  5.  drdbachiensis  is  a  highly  accelerated  species  in  the  highest  suborder 
(the  Camarodonta)  of  the  Centrechinoida.  As  Professor  Hyatt  showed 
fully  in  his  studies  of  fossil  Cephalopoda,  primitive  genera  have  a  slow 
development  and  specialized  genera  have  a  highly  accelerated  development. 
I  have  shown  the  same  thing  in  Pelec3rpoda  where  the  primitive  Avicula  and 
Pecten  have  a  relatively  slow  development,  whereas  the  specialized  Spondylus 
and  Ostrea  have  an  accelerated  development. 

Another  feature  of  note  in  the  ocular  arrangement  of  Centrechinus  setosus 
is  the  fact  that  while  ocular  I  or  ocular  V  may  be  the  first  to  enter  the  peri- 
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proct,  V  is  by  far  the  more  (X)mmon,  and  in  so  far  makes  an  approach  to  the 
character  of  the  Cidaridae  where  ocular  V  alone  is  frequently  insert,  but  I 
alone  is  rarely  insert.  In  higher  groups  of  the  Centrechinoida,  when  one 
ocular  is  insert,  the  order  is  more  definitely  fixed,  as  in  the  Arbaciidae  and 
Echinometridae,  where  V  is  typically  and  I  is  rarely  insert;  or  in  the  E^hinidae 
and  Strongylocentrotidae,  where  I  is  typically  and  V  is  rarely  insert.  Another 
ocular  peculiarity  of  Centrechinus  is  that  where  four  plates  reach  the  peri- 
proct,  I,  V,  IV,  III  insert  is  a  rather  frequent  aberrant  variant.  This  is  a 
very  rare  character  in  the  higher  Centrechinoida  but  is  a  common  character 
in  the  Cidaridae. 

Of  the  ocular  characters  of  Toxopneustes  variegatus,  no  special  comment 
is  called  for.  It  is  simply  the  record  from  a  definite  locality,  whereas  my 
previous  record  of  the  species  was  based  on  specimens  from  several  locali- 
ties. The  peculiar  zigzag  pattern  of  color  ornamentation  shown  recalls  the 
somewhat  similar  pattern  seen  in  some  of  the  Temnopleuridae. 

In  Tripneustes  esculentus  the  ocular  arrangement  (figs.  10-17)  is  one  of 
the  most  interesting  that  has  been  found  in  any  Echini.  Two  oculars 
insert  is  commonly  given  as  the  species  character,  and  it  is  the  dominant 
character  in  some  localities  (Bermuda,  Florida).  In  Montego  Bay  this 
character  is  acquired  up  to  90  per  cent  in  specimens  40  to  50  mm.  in  diam- 
eter, much  less  than  half-grown.  But  in  Montego  Bay,  as  a  local  char- 
acter, the  species  has  gone  much  further  and  passed  through  a  phase  in  which 
oculars  I,  V,  IV  are  insert  like  Bahama  material,  and  finally  takes  on  oculars 
I,  V,  IV,  II  insert  as  the  fully  matured  adult  character.  It  is  an  exceptionally 
interesting  case  as  being  the  acquirement  in  late  stages  of  growth  as  a  typical 
feature  of  a  character  which  is  a  normal  progressive  variant  of  its  own 
species  in  other  localities  and  also  a  typical  advanced  character  in  all 
Echini  which  have  four  oculars  insert.  Looking  at  the  test  of  a  nearly  grown 
Tripneustes  with  its  solid  heavy  plates,  it  is  astonishing  to  realize  that  they 
are  still  plastic  and  capable  of  allowing  the  readjustment  of  parts  indicated 
by  the  separation  of  genitals  and  traveling  in  of  oculars  so  as  to  reach  the 
periproct.  Not  less  surprising  is  the  power  of  the  law  of  ocular  develop- 
ment, that  not  any  ocular,  but  a  certain  specific  ocular,  is  the  one  that  is 
selected  by  the  laws  of  growth  to  change  its  relative  position.  I  know  of  no 
more  striking  case  of  the  definiteness  of  action  in  the  growth  of  organisms. 

As  stated,  Echinametra  lucunter  is  one  of  the  very  few  species  of  Echini 
characterized  by  having  one  ocular  insert;  therefore  a  series  showing  its 
development  is  of  interest.  Four  of  the  six  species  in  the  genus  Echina- 
metra are  characterized  by  having  all  oculars  exsert  as  the  species  feature, 
and  in  these  to  have  one  ocular  insert  is  a  progressive  variant.  Also  as  a 
family  character,  all  exsert  is  the  leading  feature.  Therefore  for  the  genus 
and  for  the  family,  Echinametra  lucunter  can  be  considered  an  advanced 
type  as  regards  ocular  arrangement.  In  accordance  with  this  fact  it  is  not 
strange,  it  might  even  be  expected,  that  it  would  take  on  its  advanced 
character  of  oculars  insert  at  a  somewhat  late  stage  as  it  does.    The  domi- 
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nance  of  V  insert,  54  per  cent,  is  first  attained  when  the  specimens  are  25 
to  30  mm.  in  diameter,  about  half  grown,  and  the  relative  increase  of  V 
insert  progresses  somewhat  up  to  the  largest  series  recorded.  Having 
oculars  V,  I  insert  is  a  progressive  character  for  this  species,  and  this  feature 
comes  in  late,  progressively  increasing  in  frequency  up  to  the  largest  size 
recorded.  To  have  oculars  V,  I  insert  as  a  typical  character  is  the  feature  of 
Echinomeira  van  brunti  A.  Agassiz,  from  Lower  California  and  South  America, 
and  in  this  respect  it  is  the  most  specialized  species  in  the  genus  and  family. 
In  the  **  Phylogeny  of  the  Ex±ini  **  much  attention  was  given  to  ocular 
plate  arrangement  and  development  of  the  same.  The  results  for  the  Cent- 
rechinoida  are  there  briefly  summarized  in  pages  92-94.  As  observations 
on  the  Montego  Bay  series  have  materially  esctended  the  results  in  some 
important  particulars,  a  brief  statement  of  the  laws  of  ocular  arrangement  is 
given  here.  In  the  '*  Phylogeny  "  the  results  of  tabulating  ocular  plates  in 
young  and  adults  of  the  order  Centrechinoida  are  given  for  48,541  specimens. 
Those  given  above  include  in  addition  2,878  specimens,  or  including  both, 
51,419  specimens.  By  the  law  of  ocular  development  as  worked  out  in 
this  order,  the  oculars  when  entering  the  periproct,  do  so  in  the  sequence 
I,  Vor  V,  I,  IV,  II,  III  (figs.  10-14),  and  it  is  seen  by  the  following  how  closely 
this  rule  is  adhered  to.  Of  the  total  51,419  specimens  of  Centrechinoida 
observed,  oculars  are  all  exsert  in  6,763  specimens,  all  others  having  one  or 
more  oculars  insert.  In  3,708  specimens,  one  ocular  is  insert,  and  of  these 
in  3,679  cases  it  is  either  ocular  I  (fig.  10)  or  ocular  V,  that  is,  99.22  per  cent 
are  correct  by  rule.  There  are  only  29  exceptions.*  In  35,951  specimens  two 
oculars  are  insert,  and  of  these,  in  35,611  cases,  it  is  oculars  I  and  V,  or  the 
bivium  (fig.  11),  that  is,  99.05  per  cent  are  correct  by  rule.  In  all  of  the 
340  exceptions*  one  of  the  two  plates  insert  is  either  I  or  V.  In  3,820  speci- 
mens, three  oculars  reach  the  periproct,  and  of  these,  in  3,426  cases,  it  is 
oculars  I,  V,  IV,  the  bivium  and  the  left  posterior  plate  of  the  trivium  (fig.  12), 
that  is,  89.68  per  cent  are  correct  by  rule.  Of  the  394  exceptions  in  360 
cases,  the  order  is  I,  V,  II  insert  (fig.  15),  that  is,  the  right  posterior  plate  of 
the  trivium  is  insert  instead  of  the  left  posterior  as  usual.  These  may 
therefore  be  considered  as  right-handed  specimens.  Of  the  total  3,820 
specimens  with  three  oculars  insert,  3,786,  or  99.37  per  cent,  have  either 
oculars  I,  V,  IV,  or  oculars  I,  V,  II  insert.'  In  619  specimens,  four  oculars 
reach  the  periproct,  and  of  these  in  554  cases,  it  is  oculars  I,  V,  IV,  II  the 
bivium  and  posterior  pair  of  the  trivium  (fig.  13) ;  that  is,  89.50  per  cent 
are  correct  by  rule.^    In  558  cases  all  five  oculars  are  insert  (fig.  14).     In  the 

» Of  these  exceptions.  z8  have  ocular  IV  alone  insert,  three  have  ocular  III  alone  Insert,  and  eighthave 
ocular  II  alone  Insert. 

*  Of  these  exceptions,  in  xoz  cases,  oculars  I,  IV  are  Insert;  in  one  case  oculars  I.  Ill  are  insert:  in  56 
cases  oculars  I.  II  are  Insert,  which  is  the  species  character  in  Gymiuchinus  robiUardi  (Loriol)  and  G.  pMcJuHUu 
Mortensen;  in  113  cases  oculars  V.  IV  are  insert;  in  4  cases  oculars  V,  III  are  insert;  and  in  6s  cases  oculars 
V,  II  are  insert. 

<Of  the  other  34  exceptions  to  the  rule  where  3  oculars  are  insert,  in  4  cases  oculars  I.V.IIIare  insert; 
to  one  ease  oculars  I.  IV,  II  are  insert;  In  11  casesoculars  V,  IV,  III  are  Insert;  and  in  18  cases  oculars  V, 
IV,  II  are  insert. 

« Of  the  6s  txfxv^kxoB  in  64  cases,  the  arrangement  is  oculars  I,  V.  IV,  III  insert  (fig.  16):  this  chaiacter 
which  is  rare  to  the  Centrechinoida  as  a  whole,  occurred  prindpallv  in  Centrechintu  setosns  (47  cases),  but  it 
is  a  common  character  in  the  Cidaroida.  the  other  17  oases  of  I.  V.  IV,  III  insert  are  scattered  through  a  number 
ofspedes  of  the  Centrechinoida.  One  aberrant  with  four  oculars  insert  has  oculars  I,  V.  II.  Ill  reaching  the 
periproct  (fig.  17).  This,  which  may  be  considered  a  right-handed  equivalent  of  I,  V,  IV,  III  as  far  as  experience 
goes,  is  a  unique  variant  in  BcUni. 
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' '  Phylogeny ' '  a  detailed  discussion  is  given  of  the  bearing  of  aberrant  variants 
which,  although  aberrant,  follow  quite  definite  lines  of  their  own.  Of  the 
total  51419  specimens  considered  above,  50,591 ,  or  98.39  per  cent,  are  correct 
by  rule  as  regards  ocular  arrangement,  and  828  specimens  (of  which  360  are 
I,  V,  II  as  above  noted),  or  1.61  per  cent,  have  an  aberrant  arrangement. 

From  the  above  records  it  is  seen  that  ocular  plates  in  the  Centrechinoida 
follow  a  very  definite  line  as  regards  which  ones  reach  the  periproct,  and  by 
their  arrangement  emphasize  a  bilateral  symmetry  through  the  axis  of 
ambulacrum  and  ocular  III  and  interambulacrum  and  genital  5.  This  is 
the  axis  on  which  the  irr^^lar  types  develop  an  elongate  form,  eccentric 
periproct  and  other  features  of  bilaterality,  and  it  was  urged  by  Lov£n  as 
the  correct  axis  for  orienting  Echini.  Mr.  A.  Agassiz  {Challenger  Echini, 
pp.  4-6)  criticizes  Lov6n's  determination  of  the  antero-posterior  axis  in 
Echini.  His  argument,  however,  simply  shows  that  he  misunderstood 
Lov^n's  point  of  view. 

In  accordance  with  what  I  previously  showed  in  Slrongylocentrolus  it  is 
seen  that  the  perforation  of  the  genital  plates  by  the  genital  pores  originates 
at  quite  definite  periods.  In  Cenirechinus  setosus  the  genitals  are  imper- 
forate in  specimens  up  to  14  mm.  in  diameter,  after  which  with  few  ex- 
ceptions all  specimens  have  developed  the  genital  pores.  In  Echinameira^ 
genitals  are  imperforate  up  to  10  mm.,  after  which  all  plates  are  perforate. 
Both  of  these  are  later  in  developing  than  Sirongylocentrotus  drdbachiensis^ 
which  is  imperforate  only  up  to  5  mm.  in  diameter,  after  which  in  most 
cases  the  genitals  are  perforate. 

In  Eucidaris  tribuloides  and  Cenirechinus  setosus  the  teeth  extend  to 
the  upper  line  of  the  lantern,  but  do  not  extend  horizontally  over  the  top 
of  the  same;  also,  in  both  the  dental  capsules  embracing  the  base  of  the 
teeth  are  small.  These  are  both  doubtless  primitive  conditions,  and  are 
opposed  to  the  condition  found  in  the  Echinidse  and  Strongylocentrotidae. 
In  Toxopneustes  variegatus,  Trifmeustes  esculentus,  and  Echinometra  lucunter 
the  teeth  extend  horizontally  over  the  top  of  the  lantern,  the  proximal  end 
of  the  tooth  is  grooved,  not  keeled,  the  keel  appearing  further  down  the 
tooth,  all  as  in  StrongylocerUrotus.  This  grooved  character  is  of  interest  as 
a  localized  stage  in  development,  as  it  shows  that  the  young  growing  point 
of  the  tooth  has  the  character  retained  throughout  life  in  the  Aulodonta, 
Cidaroida,  and  Palaeozoic  genera,  in  which  the  teeth  are  always  grooved. 
In  Toxopneustes,  Tripneustes,  and  Echinometra  the  dental  capsules  are 
large,  here  again  being  like  the  character  of  Sirongylocentrotus  and  differing 
from  the  condition  in  Eucidaris  and  Cenirechinus. 

In  Cenirechinus  setosus  the  perignathic  girdle  is  specialized  in  the  adult, 
with  high  apophyses  and  high  laminar  auricles  joined  over  the  ambulacra. 
In  the  young,  the  apophyses  are  very  slight  and  the  auricles  are  simple 
spur-like  processes,  as  in  the  adult  Aspidodiadematidae,  which  represent 
the  simplest  auricles  known.  Later,  in  Cenirechinus,  the  auricles  arch  over 
the  ambulacra,  but  without  fusion.    Then  they  fuse  in  delicate  arches,  a 
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condition  comparable  to  that  of  the  adults  of  Chatodiadetna  palUdutn  A. 
Agassiz  and  Clark  and  Centrostephanus  rodgersi  A.  Agassiz.  Later  still,  in 
CentrechinuSf  the  auricles  develop  laminar  expansions  on  their  upper  border, 
which  in  large  specimens  become  extensive. 

In  Echinometra  lucunter,  the  perignathic  girdle  is  also  very  specialized, 
attaining  an  extravagant  development  of  the  auricles.  In  the  young, 
however,  the  auricles  exist  as  simple  separate  styles.  Later  they  arch 
over  the  ambulacra,  but  without  being  in  contact;  still  later  they  join  over 
the  ambulacra  as  delicate  arches,  a  condition  comparable  to  that  seen  as  the 
adult  character  in  simpler  species  of  the  genus.  Finally,  the  auricles  take 
on  a  great  development  of  the  dorsal  border,  producing  the  spoon-like  arches 
characteristic  of  the  species. 

As  shown  and  urged  by  Hyatt  from  his  studies  of  Cephalopoda,  and  as 
I  have  shown  in  previous  studies,  in  the  present  study  of  Echini,  and  in 
plants,  development,  that  is  the  addition  of  differential  characters,  con- 
tinues more  or  less  markedly  throughout  the  life  of  the  individual,  and  a 
study  of  such  development  yields  facts  of  value  in  the  structure,  the  mor- 
phology, and  the  phylogenetic  relations  of  the  group  in  hand. 
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THE  SPERMATOGENESIS  OF  THE  MONGOOSE;  AND  A  FURTHER  COM- 
PARATIVE STUDY  OF  MAMMALIAN  SPERMATOGENESIS,  WITH 
SPECIAL  REFERENCE  TO  SEX  CHROMOSOMES. 


By  H.  E.  Jordan. 

INTRODUCTORY. 

In  view  of  the  recent  discovery  of  heterochromosomes  in  a  number  of 
the  higher  vertebrates  it  seemed  desirable  that  the  spermatogenesis  of  still 
other  forms  should  be  carefully  studied  with  particular  attention  to  the 
possible  presence  and  variable  behavior  of  homologous  "accessory"  chro- 
mosomal elements.  While  this  study  was  in  process  opportunity  was 
a£forded  to  collect  in  Jamaica,  British  West  Indies^  m^terisd  of  the  mon- 
goose.^ This  material  is  interesting  in  a  number  of  respects  and  serves 
well  as  a  starting-point  for  such  comparative  study  as  will  appear  from  its 
description.  Other  material  at  hand  includes  that  of  cat,  squirrel,  pig, 
rabbit,  white  mouse,  sheep,  horse,  mule,  bull,  and  dog. 

HETEROCHROMOSOMES    LACKING    IN    MALE. 
MONGOOSE. 

Spermatogonial  nuclei  more  generally  contain  three  plasmosomes 
(fig.  i),  though  there  may  be  more  or  fewer.  Only  a  very  few  nuclei  were 
seen  in  mitosis.  Many  stages  of  apparent  amitosis  are  present  (fig.  2). 
The  rarity  of  mitotic  figures  and  of  binucleate  cells  indicates  that  the  pre- 
vailing type  of  division  among  the  spermatogonia  is  amitotic.  The  presence, 
however,  of  a  few  binucleate  spermatocytes  and  spermatids  shows  that 
cell-body  divisions  do  not  always  follow  the  nuclear  divisions. 

The  primary  spermatocytes  contain  a  single  nucleolus  (plasmosome), 
seen  only  in  the  resting  condition  of  the  nucleus.  The  fact  that  this  body 
never  appears  subsequently  makes  the  S3mapsis  and  division  stages  of  the 
mongoose  especially  favorable  for  study  with  reference  to  the  presence  of 
an  "accessory  chromosome."  There  can  be  no  confusion  here  between  a 
plasmosome  and  a  chromosome-nucleolus,  as  has  apparently  been  the  case 
in  some  forms.  Moreover,  the  early  disappearance  of  the  plasmosome  in 
mongoose  gives  support  to  the  general  conclusion  that  synaptic  and  post- 
synaptic chromatin  elements  are  chromosomes,  more  especially  when 
invariably  on  the  nuclear  membrane  instead  of  being  disposed  at  random. 

The  synizesis  phase  is  characterized  by  a  very  compact,  deeply  chro- 
matic mass  of  simple  threads  (fig.  4).    The  mass  is  situated  at  the  pole  of 

>  Thli  opportunity  oocurred  durliig  a  month's  itay  at  the  temporary  Marine  Biolocical  Laboratory  of  the 
Camegle  lantatlon  of  WasUngton  at  Monteoo  Bay  In  the  soring  of  X9xa>  I  take  this  oocasloii  to  express 
my  thanks  for  the  ptMH^eB  of  the  Institution's  expedition  to  Jamaica,  and  for  daily  kindnesses  on  the  part  of 
the  <Biector,  Dr.  A^red  G.  Mayer. 
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the  nucleus,  frequently,  but  not  invariably,  next  the  idiosome.  The  re* 
mainder  of  the  nuclear  space  remains  empty,  except  for  a  few  delicate  linin 
threads,  more  abundant  in  the  vicinity  of  the  mass.  All  about  the  idiosome 
are  pale  spherical  mitochondria,  now  apparently  present  for  the  first  time; 
but  no  due  appears  as  to  their  origin. 

The  fact  that  the  synizesis  nucleus  is  not  appreciably  larger  than  that 
of  the  resting  stage  shows  that  synizesis  is  not  due  to  mechanical  factors 
consequent  upon  a  great  increase  in  nuclear  sap.  On  the  contrary,  this 
phenomenon  is  unquestionably  the  result  of  the  specific  activity  of  the 
chromatic  nuclear  thread.  Its  frequently  polar  position  may  be  due  to 
idiosome  influence. 

In  the  bouquet  stage  the  simple  threads  emerge  from  the  synizesis  mass 
in  pairs  (fig.  5)  and  unite  side  by  side  (paras3mapsis).  The  nucleus  is  still 
of  approximately  the  same  size;  and  again  the  chromatin  threads  give  evi- 
dence of  a  specific  activity.  The  process  continues  until  the  previously 
empty  nucleus  is  filled  with  double  threads  crossing  in  every  direction 
throughout  the  nucleus  (fig.  6).  Subsequently  the  nucleus  enlarges  some- 
what, and  the  double  threads  shorten  and  thicken  (fig.  7).  The  beginning 
of  division  of  the  idiosome  marks  this  as  the  early  prophase.  The  bivalent 
chromosomes  appear  more  chromatic  and  knobbed  at  the  ends,  an  early 
indication  of  tetrad  formation.  Figure  8  illustrates  a  later  prophase  stage, 
in  which  the  chromosomes  have  become  still  shorter,  uniformly  chromatic, 
and  more  compact,  a  number  appearing  as  complete  tetrads. 

The  point  of  special  interest  is  that  nowhere  throughout  these  early 
phases  has  the  slightest  evidence  of  an  accessory  chromosome  appeared. 
No  evidence  would  be  expected  to  appear  subsequently,  and  this  is  actually 
the  case,  as  shown  in  figures  9  to  17.  At  metaphase  the  chromosomes  are 
all  arranged  in  a  very  compact  equatorial  plate  (figs.  9  and  10).  No 
chromosome  seems  marked  by  peculiar  behavior  or  uncommon  dze.  An 
accurate  count  seems  impossible.  Innumerable  division  figures  appear, 
but  the  chromosomes  are  so  closely  compacted  as  to  preclude  definition  of 
limits.  A  most  careful  study  warrants  only  the  statement  that  the  number 
of  chromosomes  is  somewhere  around  24. 

A  resting  stage  ensues,  but  without  chromosome-nudeolus,  in  contra- 
distinction to  the  usual  condition  in  forms  with  an  accessory  chromosome, 
or  without  even  a  plasmosome.  The  division  figures  of  the  second  mitosis 
are  smaller,  somewhat  less  compact,  and  seem  to  consist  of  fewer  chromo- 
somes. We  may  be  dealing  here,  as  in  the  opossum,  with  a  second  pairing, 
or  a  hemioid  group  (Jordan,  191 1).  The  smaller  size  of  the  chromosomes, 
however,  makes  this  a  little  doubtful. 

Figure  14  illustrates  a  resting  spermatid,  with  conspicuous  idiosome. 
At  the  next  step  in  the  metamorphosis  (fig.  15)  the  cell  has  elongated,  the 
nucleus  has  become  more  dense  and  in  consequence  smaller,  and  the  idio- 
some has  given  place  to  the  archoplasmic  sphere.  The  latter  contains 
centrally  a  chromatic  granule,  presumably  the  centrosome  (fig.  15).    The 
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sphere  seems  to  have  arisen  directly  from  the  idiosome  by  process  of  vesic* 
Illation  and  rejection  of  one  or  several  small  plastin  particles.  The  con- 
densing nucleus  moves  into  an  elongating  projection  of  the  cell,  and  then  to 
and  beyond  the  periphery  (figs.  16  and  17).  Meanwhile  the  "sphere"  has 
flowed  backward  over  the  elongating  nucleus,  its  lateral  limits  being  marked 
by  a  distinct  line  for  some  distance  on  either  side  of  the  growing  axial  fila- 
ment. The  filament  is  marked  proximally  by  two  granules  (the  products 
of  the  original  centrosome,  fig.  15),  the  anterior  one  at  the  point  of  attach- 
ment to  the  nucleus,  the  posterior  one  passing  along  the  axial  filament  as 
the  "ring  centrosome"  (figs.  17  and  18)  to  the  posterior  end  of  the  middle 
piece.  At  the  later  and  adult  stages  the  middle  piece  is  attached  to  the 
head  by  a  delicate  neck  (fig.  20,  drawn  in  the  living  condition),  in  which 
appears  a  knob,  the  proximal  centrosome,  or  "end  knob''  (figs.  19  to  21). 
The  posterior  limit  of  the  middle  piece  is  defined  by  the  termination  of  the 
spiral  filament.  The  latter  arises  by  a  coalescence  of  mitochondria  included 
within  the  limits  of  the  backward-extending  sphere  (middle  piece).  The 
remaining  mitochondria  fail  of  inclusion  and  are  cast  off  with  the  discarded 
cytoplasm.  This  observation,  made  also  in  a  number  of  other  forms 
(e.  g.,  opossum,  Jordan,  191 1;  Euchistus,  Montgomery,  1912),  invalidates 
any  hypothesis  attributing  specific  hereditary  significance  to  mitochondria. 

CAT, 

The  later  steps  in  the  spermatogenesis  of  the  cat,  including  the  spermatid 
and  subsequent  stages,  have  recently  been  described  by  Leplat  (1910). 
As  to  the  prespermatid  stages,  it  may  be  said  in  brief  that  they  are  essentially 
similar  to  those  described  for  mongoose,  and  no  convincing  evidence  appears 
at  any  stage  of  heterochromosomes.  Respecting  the  postspermatid  stages 
also,  the  similarity  amounts  practically  to  an  identity;  and  my  own  obser- 
vations on  these  stages  agree  essentially  with  those  made  and  illustrated  by 
Leplat. 

More  recently  Gutherz  (1912)  has  described  and  illustrated  (in  two 
figures)  first  spermatocytes  of  the  cat  stained  both  in  the  iron-hematoxylin 
and  the  Biondi  mixtures.  His  conclusion  confirms  my  own  as  to  the 
probable  absence  of  heterochromosomes.  However,  he  figures  a  S3n:iaptic 
(synizesis)  and  a  postsynaptic  stage  in  which  appear  heterochromosome- 
like  elements  in  iron-hematoxylin  preparations.  The  true  addophile 
nature  of  these  bodies,  however,  is  revealed  in  the  Biondi  material.  On 
the  basis  of  this  observation  he  casts  doubt  upon  the  interpretation  as  a 
heterochromosome  of  the  element  described  by  Winiwarter  and  Sainmont 
in  their  iron-hematoxylin  preparations  of  the  o5cyte  of  the  cat.  I  can  only 
add  that  my  material  (also  stained  with  iron-hematoxylin)  reveals  elements 
somewhat  similar  to  those  described  and  illustrated  by  Gutherz  for  the 
first  spermatocytes,  but  which,  on  grounds  of  morphology,  location,  relation 
to  spireme,  and  general  behavior,  I  can  not  interpret  as  typical  X-elements. 
Moreover,  in  well-decolorized  preparations  their  non-chromatic  nature  is 
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likewise  revealed.  The  illustrations  of  the  odcytes  of  the  cat  by  Winiwarter 
and  Sainmont  (see  figs.  27a,  33,  and  44)  answer  to  the  main  criterion,  namely 
morphological,  for  the  presence  of  a  heterochromosome,  "split  monosome." 
A  comparison  of  the  illustrations  of  the  spermatocytes  and  oQcytes  of  the 
cat  as  given  by  Gutherz  and  by  Winiwarter  and  Sainmont  respectively 
does  not  seem  to  warrant  the  conclusion  of  an  homology  between  the  hypo- 
thetical X-element  in  the  male  and  that  in  female  germ-cells  of  the  cat. 
In  short,  the  o5cytes  would  seem  to  contain,  the  spermatocytes  to  lack, 

typical  X-elements. 

SQUIRREL. 

The  spermatogenesis  of  the  squirrel  has  been  described  in  two  papers  by 
Van  Moil6  (1906,  1907).  The  cells  are  relatively  very  large  and  the  idio- 
some  is  very  distinct.  My  observations  agree  with  the  illustrations  of 
Van  Moll^  with  respect  to  the  absence  of  heterochromosomes.  Duesberg 
(1910)  has  recently  questioned  the  accuracy  of  Van  Moll6's  observations 
with  respect  to  the  details  of  the  later  stages  in  the  metamorphosis  of  the 
spermatid.  Interest  in  these  details  is  outside  the  scope  of  this  contribution, 
and  my  observations  on  these  points  have  not  yet  been  carried  to  an  extent 
where  I  might  confidently  presume  to  express  an  opinion.  The  absence  of 
any  accessory  chromosomal  element  during  the  growth  period  appears  un- 
questionable. 

pia 

It  will  suffice  for  present  purposes  to  state  simply  that  evidence  of  an 
accessory  or  heterotropic  chromosome  at  early  stages  of  the  spermatogenesis 
of  the  pig  is  completely  lacking  in  my  material.  The  cells  here  are  relatively 
small ;  but  the  fixation  is  good  and  reveals  clearly  all  the  details  of  structure, 
and  every  phase  is  abundantly  represented  prior  to  the  division  phases;  oc- 
casionally first  maturation  groups  are  also  present.* 

RABBIT. 

Exactly  the  same  statement  holds  for  the  rabbit  as  for  the  pig;  and  I 
make  it  with  greater  confidence,  since  the  material  is  more  extensive 
including  besides  adult  testes  those  of  new-born  and  young  individuals. 

In  all  of  the  foregoing  instances  the  spermatogonia  contain  plasmosomes. 
The  resting  primary  spermatocytes  also  contain  either  plasmosomes  or 
karyosomes  (net-knots),  or  both,  all  of  which  disappear  in  early  pres3aiapsis. 
It  seems  legitimate  to  assume,  on  the  basis  mainly  of  this  observation,  that 
in  mammals  generally  plasmosomes  almost  invariably  disappear  before 

>  However,  no  chromosome  counts  were  attempted.  In  view  of  J.  B.  Wodsedalek's  recent  work  C'Aooet- 
sory  Chromosomes  in  Pig:'*  Science.  N.  S..  vol.  umviu.  No.  966.  pp.  30-31)  reporting  two  additional  chro- 
mosomes or  accessories  in  half  of  the  secondary  spermatocytes— this  number  (xo)  corresponding  with  the  re- 
duced number  in  the  eggs — the  pig  can  no  longer  be  listed  under  "exceptions."  In  the  absence  of  definite 
evidence  during  the  growth  period,  the  final  criterion  for  the  presence  of  heterochromosomes  must  be  an  actual 
count. 

Since  the  appearance  of  Wodsedalek's  complete  paper  (Biol.  Bull.,  as:  x)«  I  have  carefully  re-esamlned 
my  sections  of  the  pigs'  testes.  Mitoses  are  too  infrequent  to  warrant  any  statement  concerning  the  presence 
or  absence  of  accessory  chromosomes  on  the  basis  of  appearances  at  metaphase,  or  of  chromosome  counts. 
My  conclusions  rested  upon  evidence  drawn  from  a  study  of  appearances  during  the  growth  stages  including 
the  eariy  prophase.  As  to  the  resting  spermatogonial  and  primary  spermatocyte  nuclei  I  find  no  such  con- 
stancy with  reference  to  nucleoli  as  Wodsedalek  records.  The  number,  both  of  the  lane  and  smaller  nuc- 
leoli. Is  very  variable.  Three  or  four  large  nucleoli  are  common.  Moreover,  with  reference  to  the  chro- 
mosome-nudeoli  I  can  not  find  in  my  preparations  (of  jroung  testes)  any  cells  to  paralle!  his  lllnstxations  ai.  33. 
34.  and  as.  My  material  does  not  confirm  his  finding  that  "two  large  round  nucleoli  remain  very  conspicuous 
throughout  the  process  of  growth  of  the  primary  spermatocjrte." 
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S3aiap8is,  and  can  thus  produce  no  confusion  at  those  stages  where  hetero- 
chromosomes  when  present  are  most  conspicuous,  i.  e.,  synaptic  and  early 
postsynaptic  stages.  The  conclusion  that  heterochromosomes  are  wanting 
in  the  male  of  the  mongoose,  cat,  squirrel,  pig,  and  rabbit  is,  of  course,  based 
on  the  assumption  that  if  present  they  would  be  conspicuous  at  the  same 
stages  in  which  they  are  so  strikingly  in  evidence  in  the  group  of  mammals 
next  to  be  described.  The  final  test  must,  however,  in  these  cases  be  an 
actual  count  of  chromosomes. 


hetercx:hromosomes  present  in  male. 

WHITE  MOUSE. 

Spermatogonial  and  spermatocyte  resting  nuclei  agree  in  being  vesicular 
and  having  a  delicate  chromatic  reticulum  with  numerous  net-knots  (figs. 
22  and  23) ;  they  differ  in  that  the  spermatocyte  nucleus  has  a  bilobed  or 
double  chromatin  (chromosome)  nucleolus. 

The  Sertoli  cell  has  a  still  more  vesicular  nucleus,  which  is  very  con- 
spicuous by  reason  of  a  characteristic  trilobed,  deep-staining  nucleolus,  the 
central  section  being  invariably  the  larger.  This  peculiar  type  of  nucleolus 
is  as  characteristic  of  the  Sertoli  cell  as  its  peculiar  shape,  and  suggests 
interesting  speculations  concerning  the  relationship  between  nucleolar 
morphology  and  cell  functions. 

My  earlier  observations  led  me  to  the  conclusion  that  the  synapsis 
phenomenon  (i.  e.,  synaptic  knot,  contraction  or  bouquet  phase,  or  synizesis 
stage)*  was  lacking  in  the  auxocytes  of  the  white  mouse.  Further  careful 
search  has  disclosed  a  few  cells  in  the  condition  illustrated  in  figure  24. 
This  is  tentatively  interpreted  as  synapsis  (polarized  amphitene).  If  the 
nucleus  is  normal,  as  it  appears  to  be,  the  paired  threads  unmistakably 
indicate  synapsis.  I  find  that  Regaud  (1909,  1910)  reports  his  failure  to 
find  a  synapsis  phase  also  in  the  rat.  This  phase  is  assuredly  not  accentu- 
ated in  white  mouse.  Nothing  more  closely  resembling  synapsis  than  the 
nuclear  arrangement  illustrated  in  figure  24  could  be  found  in  my  material. 
This,  however,  seems  sufficiently  suggestive  of  true  synapsis  to  show  that 
something  similar  to  synapsis  actually  occurs  in  the  mouse,  perhaps  too 
rapidly  to  appear  except  very  occasionally  in  "fixed"  preparations.  If  the 
phenomenon  is  really  lacking  the  "synapsis"  figure  does  not  appear  essen- 
tial to  the  pairing  of  the  chromosomes  in  the  formation  of  the  haploid  group. 

During  synapsis  (parasynapsis)  and  early  postsynapsis  (figs.  24  and  25) 
the  chromatic  accessory  body  (chromosome)  is  apparently  usually  single, 
usually  oval,  sometimes  slightly  bilobed,  and  occasionally  wedge-shaped  or 
even  irregular.  During  later  postsynaptic  (fig.  26)  and  prophase  (fig.  27) 
stages,  this  element  again  appears  invariably  double,  frequently  in  the  form 
of  a  longitudinally  split  rod.    There  is  no  unequivocal  evidence  that  the 

>  Synapsis  is  assumed  to  take  place  during  the  period  of  contraction  or  "  synizesis  ";  hence  the  terms  are 
here  used  interchangeably. 
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pair  may  entirely  and  widely  separate,  as  is  the  case  in  the  mule  for  example. 
The  double  nature  of  the  heterochromosome  suggests  a  pair  of  idiochro- 
mosomes;  but  the  fact  that  during  and  immediately  after  synapsis  this 
element  appears  single  invalidates  somewhat  such  an  assumption,  and 
suggests  rather  a  double  accessory  chromosome,  or  X-element  of  A^^lson. 
In  leptotene  and  diplotene  phases  it  very  frequently  lies  in  a  clear  space 
free  of  threads,  a  condition  similar  to  that  described  by  \^son  (1912)  for 
Largus  and  Oncopeltus. 

Figure  27a  would  seem  to  permit  of  not  the  slightest  doubt  of  the  presence 
of  a  "sex  chromosome"  Orison)  in  the  white  mouse.  Its  later  history, 
however,  is  still  obscure.  Division  figures  are  very  abundant  in  my  material 
and  the  preservation  is  nothing  short  of  superb,  but  at  no  later  stage  can  I 
with  certainty  identify  this  body.  Occasionally  a  spindle  appears  with  a 
large  chromosome  in  advance  of  the  main  metaphase  group  (fig.  27b),  but 
the  instances  seem  too  rare  to  have  much  significance  apart  from  morpho- 
logical marks  of  identification  from  among  the  chromosomes  of  the  meta- 
phase plates. 

SHEEP. 

In  sheep  I  am  able  to  distinguish  the  "X-element"  during  the  pres3m- 
aptic  (fig.  28),  synaptic  (fig.  29),  and  postsynaptic  (fig.  30)  stages.  Both 
in  the  first  and  second  stages  it  is  usually  attached  to  the  chromatic  spireme, 
or  one  of  its  segments.  During  the  postsynaptic  stages  it  is  usually  split 
or  bilobed,  and,  as  at  earlier  stages,  frequently  but  not  invariably  lies  close 
to  the  idiosome.  Synapsis  is  effected  by  side-by-side  union.  In  the  sheep, 
also,  this  accessory  chromosome  eludes  later  certain  identification. 

HORSE. 

As  previously  briefly  noted  (Jordan,  191 1,  1912),  during  posts)aiaptic 
stages  the  horse  shows  frequently  a  tripartite  X-element  (fig.  33),  usually 
next  the  idiosome.  In  the  resting  phase  of  the  primary  spermatocyte 
(fig.  31),  and  during  synapsis,  it  appears  double.  Further  dear  tracing  of 
this  body  seems  impossible.  The  evidence  is  thus  far  from  sufficient  to 
warrant  even  an  inference  as  to  whether  we  are  here  dealing  with  a  multiple 
X-element  (as  in  Sinea,  for  example,  according  to  Pa3me,  1909)  or  a  pair  of 
idiochromosomes.  Both  conditions  have  been  described  for  mammals; 
for  example,  man  as  having  a  double  X-element  (as  in  Syromastes — Wilson, 
1909)  by  Guyer  (1910),  and  guinea-pig  with  a  pair  of  heterochromosomes,  by 
Miss  Stevens  (1912).  The  only  point  sought  to  establish  is  the  presence  of 
"sex  chromosomes"  of  some  sort. 

Kirillow  (1912)  has  recently  published  the  first  number  of  his  projected 
studies  on  the  spermatogenesis  of  the  horse.  The  accompanying  illustra- 
tions, including  all  the  chief  stages,  give  no  indication  of  a  heterotropic 
body  so  conspicuous  in  my  preparations;  nor  is  any  mention  made  of  such 
body.  His  observations  on  the  germ-cells  of  the  horse  lead  him  to  accept 
the  opinion  of  Regaud  (1909,  1910)  that  "the  appearance  or  failure  of 
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synapsis  is  a  variable  factor  in  different  species"  (Kirillow,  p.  145);  that  is, 
S3map6is  (contraction  phase)  is  regarded  as  a  normal  phase  in  the  auxocytes 
of  some  forms  (species),  but  is  thought  not  to  appear  in  others. 

MULE. 

The  presence  of  an  accessory  chromosome  in  the  mule  was  also  noted 
briefly  in  an  earlier  paper  (Jordan,  191 1,  1912).  Here  it  usually  appears 
double  in  pre-  and  post-synaptic  stages  (figs.  34  and  36).  At  synapsis  it 
appears  as  a  single  large  oval  chromatic  body  (fig.  35).  It  is  very  clearly 
recognizable  among  the  prophase  chromosomes  as  a  large  paired  element 
(fig.  37).  Since  at  certain  phases  (synapsis)  it  may  be  a  single  compact 
body,  it  is  perhaps  more  legitimate  to  regard  it  as  a  double  X-element. 

In  the  case  of  the  mule  it  will  be  impossible  further  to  trace  this  body 
with  any  degree  of  certainty.  As  first  noted  by  myself  (see  quotation 
from  my  unpublished  manuscript  in  a  paper  by  Dr.  R.  H.  Whitehead,  "A 
Peculiar  Case  of  Cryporchism,  and  its  Bearing  upon  the  Problem  of  the 
Function  of  the  Interstitial  Cell  of  the  Testis,"  Anat.  Record,  Aug.  1908; 
vol.  II,  No.  5),  spermatogenesis  in  the  mule  does  not  ordinarily  proceed 
beyond  the  early  prophase.  This  is  the  cause  of  the  sterility  of  mules  bred 
inter  se;  the  mule  does  not  generally  produce  ripe  spermatozoa.  My  obser- 
vations were  subsequently  confirmed  by  Poll  (191 1),  who  succeeded  in 
observing  a  few  first  maturation  spindles  at  metaphase. 

BULL. 
The  spermatogenesis  of  the  bull  has  been  fully  described  by  Schoenfeld 
(1901).  My  observations  agree  essentially  with  his  illustrations.  Schoen- 
feld figures  a  stage  similar  to  my  illustration  of  postsynapsis  (fig.  38),  where 
a  single  large,  oval,  chromatic  "  accessory  chromosome  "  appears  among  the 
bivalent  threads,  close  to  the  idiosome.  This  element,  at  this  as  well  as 
at  earlier  and  later  stages,  Schoenfeld  describes  as  the  "corpuscle  intra- 
nucleare."  In  the  light  of  what  we  now  know  of  "sex-chromosomes" 
generally,  and  in  mammals  more  particularly,  this  body  may,  I  believe,  be 
regarded  confidently  as  an  accessory  chromosome. 

Doa 

Figure  39  illustrates  a  resting  primary  spermatocyte  with  pale  plasmo- 
some  and  chromatic,  bilobed  chromosome  nucleolus.  No  very  satisfactory 
synapsis  stages  could  be  observed  in  my  material.^  Figures  40  and  41 
illustrate  two  successive  postsynaptic  phases  in  which  the  X-element  is 
conspicuously  present  as  a  chromatic,  sharply  contoured,  irregularly  oval 
body  close  to  the  idiosome.  We  are  probably  here  again  dealing  with  an 
accessory  chromosome.  The  attempt  further  to  trace  this  body,  however, 
was  very  disconcerting  by  reason  of  the  absence  of  definite  marks  of  identity, 
lack  of  clear  delimitation  of  the  relatively  large  number  of  small  chromo- 
somes, and  confusing  contradictions  of  trying  observations.  In  short,  any 
further  analysis  was  unsuccessful. 

1  That  is,  from  Uie  etandpoint  of  a  ooosfiiciioas  "  X<«lement.*' 
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DISCUSSION. 

Heterochromosomes  are  apparently  lacking  in  mongoose,  cat,  squirrel, 
pig,  and  rabbit,  and  appear  to  be  present  in  white  mouse,  sheep,  horse, 
mule,  bull,  and  dog.  On  the  basis  of  what  was  already  known  regard- 
ing man  (Guyer,  1910;  Gutherz,  1912),*  rat  (Guyer,  1910),  armadillo 
(Newman  and  Patterson,  1910),  guinea-pig  (Stevens,  1912),  and  opossum 
and  bat  (Jordan,  191 1,  1912),  heterochromosomes  were  suspected  in  mam- 
mals generally.  With  respect  to  heterochromosomes,  then,  mammab  fall 
into  two  groups:  those  lacking  and  those  possessing  the  X-element  in  the 
male  germ-cells.  Under  the  first  group  five*  mammals  can  be  classified; 
under  the  second,  twelve.  Both  groups  include  higher  as  well  as  lower 
mammals.  Measured  by  no  other  criterion  known  to  me  can  these  mammals 
be  similarly  grouped.  Presence  of  heterochromosomes  obviously  bears  no 
relationship  to  natural  affinities  or  evolutionary  levels  of  mammals.  The 
proportion  of  12  to  5  among  examined  and  recorded  cases  of  mammals  in 
favor  of  those  possessing  heterochromosomes  suggests  that  in  those  forms 
apparently  lacking  them  they  have  simply  eluded  detection.  They  might 
presumably  be  so  small  as  to  escape  recognition,  or  lack  the  peculiar 
morphological  marks  by  which  they  are  usually  characterized,  or  be  too 
labile  to  be  identified. 

Regarding  a  similar  condition  in  Culex,  Stevens  (191 1,  1912)  suggests 
that  here,  "where  no  heterochromosome  differentiation  of  any  kind  has 
been  detected,  the  members  of  a  pair  of  chromosomes  may  differ  by  a  sex 
unit  or  some  other  character  unit,  and  the  difference  in  size  comes  within 
the  probable  error  of  most  careful  observation"  (p.  165). 

The  observation  of  the  attachment  of  the  accessory  chromosome  to  the 
parasynaptic  spireme  (figs.  28,  29,  and  40)  controverts  the  plausibility  of 
Stevens's  (1912)  suggestion  that  "the  condensed  condition  of  the  odd  chro- 
mosome and  the  unequally  paired  heterochromosomes  of  the  growth  stage  of 
the  first  spermatocytes  might  be  due  to  their  unpaired  or  unequally  paired 
condition  preventing  them  from  joining  with  the  other  bivalent  chromo- 
somes to  form  a  spireme,  especially  in  cases  of  paras3mapsis"  (p.  166). 

It  would  seem  to  be  required,  then,  for  a  proper  grounding  of  later 
hypotheses,  that  all  uncertainty  be  disposed  of,  first  with  respect  to  the 
possible  presence  in  some  form  or  at  some  stage  of  an  X-element  in  those 
animals  in  which  it  seems  to  be  wanting;  and  second,  with  respect  to  possible 
confusion  with  a  persisting  plasmosome  in  those  instances  where  an  X- 
element  is  believed  to  obtain.  Though  the  above  order  would  seem  to  be 
the  more  logical,  the  best  approach  to  the  argument  and  the  proof  is  per- 
haps by  way  of  the  second  point,  though  in  fact  they  sustain  a  reciprocal 
relationship. 

1  Gathers  (xpia)  oonfirmt  Gaver's  (1910)  observation  respecting  the  presence  of  a  heterotroplc  element  In 
man,  but  interprets  it  as  a  pair  of  equal  idiochxomosomes  andergoing  neither  heteroUnesis  nor  giving  rise  to 
a  dimorphism  of  spermatozoa  as  described  by  Guyer. 

*  This  must  be  a  tentative  grouping;  only  four  mammals  can  now  be  temporarily  placed  in  this  group. 
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Regarding  a  possible  confusion  between  plasmosomes  and  accessory 
chromosomes,  or  X-elements,  it  must  be  noted  first  that  in  the  stain  em- 
ployed (Heidenhain's  iron-hematoxylin;  checked  in  doubtful  instances  by 
Auerbach's  methyl-green-acid-fuchsin  stain)  the  plasmosome  when  present 
(as  in  spermatogonia  and  occasionally  in  primary  spermatocytes)  is  always 
in  properly  decolorized  preparations  considerably  less  deeply  stained  than 
the  X-element.  Moreover,  the  latter  is  frequently  attached  to  the  spireme 
or  one  of  its  segments,  and  generally  holds  a  position  close  to  the  nuclear 
wall  and  close  to  the  point  where  the  idiosome  lies.  Again,  it  is  frequently 
bilobed  or  compound.  In  certain  instances,  e.  g.,  mouse  more  particularly, 
one  of  the  first-division  chromosomes  occasionally  passes  to  the  pole  in 
advance  of  the  mass;  but  in  no  instance  could  the  X-element  be  followed 
with  any  satisfaction  or  certainty  beyond  the  early  prophase.  At  this  stage, 
however,  it  is  in  at  least  a  number  of  instances  clearly  recognizable  among 
the  pale,  mossy  chromosomes  as  the  body  earlier  identified  as  the  X-element. 
The  evidence  would  seem  amply  adequate  to  support  the  interpretation 
here  as  a  typical  X-element. 

Heterotropic  nuclear  elements  must  be  identified  by  other  criteria  than 
staining  reaction.  At  best,  staining  capacity  can  only  give  confirmatory 
evidence.  Morphological  marks  would  seem  to  be  the  most  certain  grounds 
for  basing  distinctions.  The  complete  nuclear  history  is  of  course  necessary 
for  full  certainty.  Chromosomes  undergo  alterations  in  their  chromatidty 
and  consequent  staining  capacity  at  different  phases  of  the  nuclear  cycle. 
Again,  true  chromatin-nucleoli  occur  in  certain  forms  («.  g.,  odcytes  of 
Asterias  forbesUt  Jordan,  1908;  oocytes  of  Echinaster  and  CribreUa,  Jordan, 
1910),  whose  function  at  least  in  part  is  to  contribute  chromatic  material 
to  the  chromosomes  just  before  they  enter  the  first  maturation  spindle. 
The  plasmosomes  of  certain  forms  may  thus  be  of  true  chromatic  nature. 
Moreover,  true  nucleoli  never  assume — except  perhaps  very  exceptionally 
and  atypically — ^the  characteristic  bilobed  and  split  forms  of  the  chromo- 
some-nucleoli  during  the  growth  stages.  Degenerating  nucleoli  become 
ragged  of  outline,  frequently  fragment,  and  undergo  karyolysis,  but  never 
show  the  series  of  phenomena  characteristic  of  heterochromosomes:  sharp 
contour,  deep  basophily,  frequently  split  form,  frequent  attachment  to 
spireme,  and  usual  location  close  to  the  nuclear  membrane.  A  presumptive 
chromosome-nucleolus  may  meet  the  test  of  basophilic  staining  reaction  in  a 
differential  dye,  but  if  it  does  not  meet  at  least  the  majority  of  the  above 
structural  and  spatial  tests  it  very  probably  is  simply  a  chromatic  plasmo- 
some; on  the  other  hand,  if  it  answer  to  the  latter  tests,  confirmatory — but 
perhaps  not  crucial,  in  view  of  the  undoubted  chemical  changes  which 
chromosomes  undergo — evidence  accrues  from  a  chromatic  reaction  to  a 
"specific"  stain. 

Regarding  the  first  stated  point  of  possible  doubt,  then,  nothing  further 
can  be  said  than  that  in  the  five  forms  enumerated  as  lacking  an  X-element, 
the  tissue  was  similarly  well  preserved  and  stained,  but  notwithstanding 
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careful  search,  not  the  slightest  evidence  of  such  an  element  in  its  usual 
morphological  form  and  peculiar  behavior  with  reference  to  spireme  and 
idiosome  could  at  any  stage  be  detected ;  but  this  n^;ative  evidence  obviously 
can  not  remove  all  uncertainty  with  respect  to  this  first  point. 

Heterochromosomes  (aliosomes,  Montgomery)  in  mongoose,  and  other 
forms  showing  like  growth-stage  conditions,  may  possibly  have  disappeared 
by  close  union  with  one  of  the  ordinary  chromosomes  and  thus  forced  into 
the  usual  behavior  of  the  autosomes  during  auxocyte  phases.  Transition 
stages  in  such  process  of  disappearance  are  apparently  shown  in  certain 
orthoptera  (McClung,  1905)  and  amphibia  (e.  g.,  Necturus,  King,  1912). 

Militating  further  against  the  objection  of  mistaken  identity  is  the  fact 
that  in  this  group  the  plasmosome  has  almost  invariably  disappeared^  before 
synapsis,  when  the  X-element  first  exhibits  its  characteristic  behavior.  If 
plasmosome  could  be  confused  with  X-element  in  mammals,  a  group  of  five, 
with  no  relatively  closer  afiinity  than  obtains  among  the  contrasted  group, 
could  hardly  be  expected  to  give  consistent  and  unequivocal  evidence  in 
favor  of  complete  absence.  Moreover,  if  the  plasmosome  generally  disap* 
pears  before  or  about  the  time  of  synapsis  in  a  relatively  no  more  closely 
related  group  of  five  forms,  it  seems  quite  legitimate  to  infer  that  it  disap- 
pears at  about  the  same  time  in  six  other — ^and  as  closely  related — forms, 
and  thus  leaves  little  opportunity  for  confusion.  And  the  above  deduction 
is  supported  to  some  extent  by  direct  observations  (exception:  man). 

Having  disposed  of  these  objections  as  far  as  possible  within  the  limita- 
tions of  microchemical  technic,  it  remains  to  consider  further  bearings  and 
implications  of  the  facts  established.  The  observation  of  an  X-element  in 
the  ovary  of  young  cats  (fig.  42)  by  AA^niwarter  and  Sainmont  (1909)  has 
important  significance  in  this  connection.  If  my  negative  evidence  for  the 
male  germ-cells  in  the  cat  can  be  regarded  as  equally  certain  with  the 
positive  evidence  of  these  investigators  for  the  female  germ-cells,  then  it 
would  seem  that  in  those  forms  in  which  the  males  lack  a  typical  X-element 
this  is  possessed  by  the  female.*  An  analogous  instance  from  the  inverte- 
brate group  is  that  of  certain  sea-urchins  reported  by  Baltzer  (1909). 
Here  the  female  possesses  a  pair  of  idiochromosomes,  while  the  male  lacks 
any  indication  of  such.  The  above  hypothesis  for  mammals  must  be  tested 
by  examination  of  the  young  ovaries  of  those  forms  in  which  the  male 
appears  to  lack  the  accessory. 

This  hypothesis  would  be  somewhat  weakened  if  cases  were  known  in 
which  both  male  and  female  germ-cells  possessed  typical  •  X-elements. 
The  meager  evidence  available  is  contrary  to  such  a  hypothetical  condition. 
Wilson  (1905,  1906)  was  unable  to  find  a  chromosome  nucleolus  in  certain 
genera  among  the  insects,  including  Euchistus^  in  which  he  was  confirmed 
by  Foote  and  Strobell  (1909).  Buchner's  (1909)  evidence  with  respect  to 
Gryllus — ^the  only  presumptive  contradictory  evidence  known  to  me — 

>  A  ddayed  dfaappcanmce  occasionally  ocean,  more  especially  in  cat  and  man. 

*  Preaiimably  by  approadmmtely  half  of  Uie  ova. 

•That  is  from  the  standpofait  of  behavior  during  the  growth  stages. 
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judged  from  his  illustrations,  seems  far  from  conclusive.  In  fact,  the 
hypothetical  so-called  X-element  ("accessory  body")  in  the  ovary  lacks 
much  of  being  similar  in  structure  and  behavior  to  the  undoubted  X-element 
in  (Edipus  (described  and  figured  in  the  same  paper)  and  the  male  Gryllus. 
Moreover,  Gutherz  (1910)  has  shown  that  the  two  X-chromosomes,  char- 
acteristic of  the  female,  are  both  present  in  the  metaphase  plates  of  the 
o5gonia,  in  addition  to  the  outlying  "accessory  body."  As  is  now  estab- 
lished beyond  any  doubt  the  accessory,  for  example,  of  the  male  germ-cells 
passes  into  all  females.  Its  homologue  is  present  in  both  males  and  females ; 
but  the  additional  male  accessory,  at  any  rate,  would  seem  to  be  able  again 
to  comport  itself  during  the  growth  stage  of  the  maturing  o5cyte  as  it 
originally  behaved  in  the  growing  spermatocyte;  and  similarly  with  respect 
to  its  female  homologue,  since  that  in  the  male,  coming  originally  also  from 
the  egg,  behaves  again  in  typical  "accessory"  fashion.  It  seems  fairly 
well  established  that  the  female  homologues  of  the  male  accessory  do  not 
behave  in  the  growing  odcytes  as  does  the  X-element  in  the  spermatocyte. 

As  indicated  by  observation  on  the  cat,  the  reverse  of  the  usual  relation- 
ship here  obtains:  the  o5cytes  are  probably  dimorphic  with  respect  to  an 
accessory;  the  spermatocytes  apparently  monomorphic.  Here,  then,  as  in 
certain  sea-urchins,  the  female  is  apparently  digametic,  the  male  apparently 
homogametic.  Further  investigations  must  establish  the  fact  whether  the 
same  reverse  condition  obtains  with  respect  to  an  X-element  in  the  case 
of  the  remaining  four  mammals  of  the  first  group. 

Male  and  female  sex  (together  with  secondary  sexual  characters)  appear 
to  be  hereditary  in  a  manner  similar  to  other  organic  characters,  and  may 
be  regarded  as  a  pair  of  "unit  characters."  Since  the  femaleness  is  associ- 
ated with,  or  determined  by,  the  presence  of  X-elements,  the  female  (con- 
taining a  pair  of  homologous  X-elements)  is  presumably  homozygous,^  the 
male  heterozygous  for  sex;  or,  in  accordance  with  a  more  recent  termin- 
ology,  the  female  represents  a  duplex  (but  apparently  recessive  like  a  nulli- 
plex)  condition,  the  male  a  simplex  (dominant)  condition.  Maleness  is 
accordingly  characterized  by  the  absence,  femaleness  by  the  presence  of  a 
"determiner"  (presumably  an  inhibitor),  the  X-element.  The  former  is 
the  n^ative  or  minus  (lacks  accessory,  contributed  to  female  at  fertili- 
zation), the  latter  the  positive  or  plus,  condition.  Sex  inheritance  con- 
forms thus  to  the  Mendelian  scheme,  in  which  maleness  represents  the  DR 
and  femaleness  the  RR  condition;  or,  stated  in  terms  of  the  presence  {+} 

and  absence  (— )  of  an  inhibiting  accessory,  or  X-element,  maleness  is  H ^ 

and  femaleness  the  -|--|-  condition.  Femaleness  may  therefore  be  plus  or 
positive  in  an  inhibiting  sense;  a  germinal  plus  condition  prevailing  in  the 
female,  inhibiting  the  appearance  of  a  positive  somatic  condition  or  male  sex. 

This  modified  Mendelian  interpretation  is  suggested  in  part  by  ans 
analogy  with  conditions  in  crosses  between  homed  and  hornless  cattle, 
where  the  positive  character  (horns)  is  recessive  to  the  negative  or  hornless 

>  That  it,  in  tbe  noop  wliere  tlie  male  germ-oellt  oontain  an  X-element. 
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character;  meaning,  according  to  the  general  interpretation,  that  hornless- 
ness  is  determined  by  the  presence  of  some  determiner  which  prevents  the 
development  of  horns.  Similarly,  femaleness  may  be  due  to  the  presence 
of  the  X-element,  preventing  the  development  of  maleness.*  It  would  be 
immaterial  whether  it  were  contributed  by  the  male  or  by  the  female  gamete. 
This  idea  is  further  suggested  by,  and  seems  in  perfect  accord  with,  the 
numerous  observations  indicating  that  femaleness  is  undeveloped  maleness, 
e.  g.,  embryological  facts;  relatively  female  characteristics  of  male  infants; 
the  assumption  of  male  secondary  characters  after  spaying,  or  after  the 
menopause;  etc. 

SUMMARY  AND  CONCLUSIONS. 

Among  the  forms  examined,  including  mongoose,  cat,  squirrel,  pig» 
rabbit,  white  mouse,  sheep,  horse,  mule,  bull,  and  dog,  heterochromosomes 
are  apparently  lacking  in  the  male  germ-cells  of  the  first  five,  and  present  in 
the  remainder.  The  available  evidence  favors  more  the  interpretation  in 
terms  of  a  bipartite  univalent  or  compound  X-element  than  of  an  asso- 
ciated X  and  Y  group  (idiochromosomes). 

In  view  of  the  fact  that  heterochromosomes  have  recently  been  reported 
in  man  (Guyer,  double  X-element;  Gutherz,  equal  pair  of  idiochromosomes, 
or  X-  and  Y-elements),  rat  (Guyer),  armadillo  (Newman  and  Patterson), 
guinea-pig  (Stevens),  and  opossum  and  bat  (Jordan),  the  evidence  indicating 
similar  elements  in  the  above-enumerated  group  of  six  common  mammals 
would  seem  to  warrant  the  conclusion  that  sex-chromosomes  are  very 
generally  present  in  mammals.  Universality  of  presence  seems  vitiated  for 
the  present  by  the  fact  that  in  another  group  of  five  mammals,  carefully 
studied,  such  elements  seem  apparently  lacking.  It  might  be  assumed 
that  such  elements  are  actually  present  in  the  male  germ-cells,  but  are  so 
small  or  labile  as  to  elude  detection  by  ordinary  methods,  or  do  not  present 
the  usual  morphology  of  heterochromosomes  during  the  prophase  stages. 
The  unmistakable  presence,  however,  of  a  "split-accessory"  in  the  female 
germ-cells  (primary  o5cyte)  of  the  cat,  as  recorded  by  A^niwarter  and  Sain- 
mont,  and  the  absence  of  any  X-element  in  the  male  (confirmed  by  Gutherz, 
1 91 2),  suggests  very  forcibly  that  sex-chromosomes  are  present  in  all 
mammals,  generally  in  the  male,  exceptionally  in  the  female.  The  same 
result  would  follow  (that  of  numerical  sex-equality)  whether  present  in  one 
or  the  other  sex.  If  this  hypothesis  can  be  further  sustained,  it  would  seem 
cogently  to  reinforce  the  evidence  for  an  essential  sex-determining  function  of 
heterochromosomes.  Interpreted  in  terms  of  Mendelian  heredity-formulae, 
in  those  mammals  in  which  an  X-element  is  present  in  the  male,  the  female 
sex  is  homozygous,  the  male  heterozygous.  The  facts  would  seem  to  fit  the 
hypothesis  that  the  accessory  chromosome  acts  as  a  deterrent  to  the  develop- 

>  However,  In  Uie  case  of  horn-heredity,  Uie  Inhibitor,  according  to  this  explanation,  is  dominant;  in  sez- 
heiedity,  recessive.  In  cases  where  the  female  Is  the  hetcraygote,  the  condition  might  be  parallel  to  that  of 
hom-heredity.  In  these  faistances  the  female  woold  be  simplex,  the  male  nuUiplex.  Recession  of  a  duplex 
condition  seems  a  contradiction  in  terms.  The  suggestion  can  have  significance  in  only  an  approximate  or 
general  sense. 
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ment  of  maleness;  or  more  accurately,  and  in  keeping  with  a  quantitative 
interpretation  of  sex  in  a  final  analysis,  the  accessory  with  its  egg-homologue 
(two  X-elements)  inhibits  male-sex  development,  the  single  egg-homologue 
in  males  being  insufficient  to  counteract  the  male  tendency,  thus  giving 
origin  to  male  individuals.  In  those  instances  where  the  female  can  be 
shown  to  be  the  heterozygote,  one  X-element,  according  to  the  hypothesis, 
may  be  assumed  to  be  able  to  counteract  the  male  tendency. 

ADDENDUM. 

The  opportunity  recently  presented  itself  for  the  study  of  very  favorable 
human  material.  I  am  indebted  to  Dr.  H.  T.  Marshall,  professor  of 
pathology  at  the  University  of  Virginia,  for  the  specimen,  a  thin  slice  of 
testicle  fixed  in  Zenker's  fluid,  and  obtained  at  autopsy  from  a  negro  aged 
38  years,  who  died  as  the  result  of  drinking  wood  alcohol.  The  material 
is  in  excellent  state  of  preservation.  It  was  stained  for  study  with  iron- 
hematoxylin.  Primary  spermatocytes  in  early  postsynaptic  phases  (text- 
figs.  I  to  9)  are  especially  abundant  and  clear.  Mitoses,  however,  both  in 
spermatogonia  and  spermatocytes,  are  infrequent,  and,  though  a  sufficient 
number  can  be  found  at  metaphase  in  the  latter  cells  to  furnish  a  fairly 
satisfactory  opportunity  for  attempting  chromosome  counts,  I  can  come 
to  no  definite  conclusion  concerning  the  actual  number.  My  specimens  of 
primary  spermatocyte  mitoses,  however,  compare  very  favorably  with  the 
illustrations  given  by  Guyer  and  by  Gutherz,  every  one  of  which  I  can 
practically  duplicate. 

An  impartial  judge  of  the  figures  must  admit,  I  believe,  that  certainty  is 
impossible  at  least  within  an  error  of  two — and  two  makes  all  the  difference 
between  the  presence  of  an  accessory  as  urged  by  Guyer  and  denied  by 
Gutherz.  The  inherent  difficulty  of  an  accurate  count  is  indicated  by  the 
fact  that  the  diploid  chromosome  number  of  the  male  cells  has  been  given  as 
22  (Guyer),  24  (Flemming,  Duesberg,  Branca,  Gutherz),  16  (Bardeleben), 
18  (Wilcox),  33  or  34  (Weman),  and  47  (Winiwarter).  It  is  significant, 
however,  that  Guyer,  Gutherz,  Duesbei^,  and  Branca  agree  on  12  as  the 
haploid  (reduced)  number;  but  Guyer,  in  contrast  to  the  others,  regards  2  of 
these  as  univalent  accessories;  also  Guyer,  Gutherz,  and  Winiwarter  agree 
in  claiming  the  presence  of  a  heterochromosome;  and  Guyer  and  Winiwarter 
both  report  a  dimorphism  of  spermatozoa,  the  former  giving  the  number  of 
chromosomes  as  10  and  12,  and  the  latter  as  23  and  24. 

It  seems  clear  that  a  heterochromosome  of  some  valency  is  present;  it  is 
equally  clear  that  the  true  nature  of  this  body  can  not  yet  be  established  on 
the  basis  of  numerical  relationships;  the  count  is  still  uncertain  as  regards 
at  least  2  chromosomes.  Study  of  my  material  convinces  me  that  the 
reduced  number  is  not  less  than  12,  but  perhaps  several  more.  As  regards 
conclusions  respecting  the  presence  of  an  accessory  chromosome  drawn  from 
a  study  of  side  views  of  metaphase  spindles,  it  may  be  pointed  out  that 
Guyer's  and  Gutherz's  figures  are  substantially  alike;  but  Guyer  interprets 
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the  appearance  as  demonstrating,  Gutherz  as  contradicting,  the  presence  of 
an  accessory.  My  own  figures  occasionally  show  a  double  chromosome  at 
one  pole  in  advance  of  the  main  complex,  and  the  evidence  favors  Guyer's 
interpretation  rather  than  Gutherz's,  but  there  is  here  nothing  so  striking 
as  one  sees  in  certain  insects  (^.  g.y  the  phasmid,  Aplopus  mayeri)  and  the 
opossum.  Strong  evidence  for  the  presence  of  a  heterochromosome  in 
man  is  given  by  Gutherz  in  his  illustrations  of  early  postsynaptic  nuclei 
(text-figs.  2  to  6).  But  neither  he  nor  Guyer  seems  to  offer  satisfactory 
evidence  as  to  its  composition  from  chromosome  counts  and  behavior  at 
metaphase.  Both,  moreover,  regard  it  as  a  double  structure.  My  own 
evidence  confirms  the  findings  of  Guyer  and  Gutherz  in  so  far  as  pertains  to 
the  actual  presence  and  bipartite  nature  of  a  heterochromosome  or  X-ele- 
ment,  and  it  emphasizes  tiie  additional  points  of  similarity  between  this 
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and  undoubted  sex-chromosomes,  namely,  frequent  connection  with  the 
diplotene  thread  and  close  spatial  relationship  to  nuclear  wall  (exception, 
text-fig.  3). 

Judging  from  the  illustrations,  Winiwarter  (1912)  has  had  the  advantage 
of  possessing  by  far  the  best  human  material.  His  illustration  (fig.  25)  is 
practically  a  duplicate  of  my  own  of  the  postsynaptic  diplotene  (passing 
into  the  pachytene)  phase.  However,  the  later  history  of  the  accessory 
element  as  traced  by  Winiwarter  is  not  at  all  stages  perfectiy  clear.  But 
figures  39  and  40  show  pairs  of  sister  spermatids,  one  pair  with,  the  other 
without,  a  deep-staining  nuclear  body  (accessory  chromosome?).  If  this 
spermatid  element  actually  represents,  as  seems  very  probable,  the  postsyn- 
aptic nuclear  bipartite  body,  or  heterochromosome,  then  cogent  additional 
evidence  here  also  accrues  favoring  the  legitimate  interpretation  as  a 
heterochromosome  of  the  similar  (structurally  and  tinctorially)  peculiar 
postsynaptic  nuclear  element  wherever  found  in  mammals. 
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DESCRIPTION  OF  PLATE, 


Fixation :  Flemming's  strong  tolution.     Stain :  Hddcnhain's  iron  harmatoxylin. 
Magnification:  1500  diameters. 


MONGOOSB. 

1.  Spermatogonium;    the    nucleus    contains    three 

small  plasmosomes. 

2.  Spermatogonium;  the  nucleus  is  in  process  of 

amitotic  division. 

3.  Primary  spermatocyte;  the  nucleus  contains  a 

centrally  located  plasmoaome;  the  delicate 
chromatic  reticulum  consists  of  an  apparently 
continuous  single  thread;  Jeptotene-nucleus. 

4.  Bouquet  stage;  the  slightly  thickened  spireme  has 

aggregated  in  a  doee-meshed  mass  at  the 
idioeome  pole  of  the  nucleus;  the  cytoplasm 
surrounding  the  idioeome  contains  pale  mito- 
chondria; synizesis.  polarized  amphitene. 

5.  Synapsis:  the  disentangling  threads  are  pairing 

side  by  side;  the  nucleus  is  still  approximately 
of  the  same  size  as  in  the  resting  spermatocyte, 
hence  synizesis  and  synapsis  signify  activity 
(motion)  on  the  part  of  the  nuclear  reticulum; 
synaptene-nudeus. 

6.  Postsynapsis;  early  prophase;  diplotene-nucleus. 
7  and  8.  Later  prophases;  at  no  stage  do  hetero- 

chromosomes  appear. 
9  and  10.  Side  and  polar  views  respectively  of 
metaphase  plates;  no  chromosome  is  conspic- 
uous for  unusual  size  or  behavior;  the  number 
of  chromosomes  is  approximately  twenty- 
four,  the  haploid  group. 

II.  Resting  secondary  spermatocyte. 

12  and  13  •  Side  and  polar  views  respectively  of 
metaphase  plates;  the  number  of  chromosomes 
is  approximately  twelve,  forming  a  hemioid 
group. 

14.  Spermatid;  the  cytoplasm  has  become  filled  u-ith 

pale  mitochondria. 

15.  Appearance  of  "sphere"  and  centrosome. 

16  and  17.  Appearance  of  axial  filament  and  middle 
piece. 

18  and  19.  Formation  of  spiral  filament  by  coales- 
cence of  mitochondria. 

20  and  21.  Face  and  profile  views  respectively  of 
mature.  living  spermatozoa. 

Whitb  Mouse. 

22.  Spermatogonium. 

23.  Primary    spermatocyte,    nucleus    at    leptotene 

phase;  the  bilobed  nucleolus  may  be  a  pair  of 
heterochromosomes. 

24.  Synapsis,     polarized     amphitene,     bouquet     or 

synaptene  phase;  the  heterochromosome  is 
apparently  single. 

25.  Postsynapsis;  early  prophase;  heterochrome  (or 

accessory)  conspicuous;  pachytene-nucleus. 
26  and  27a.  Early  and  late  prophase  groups  respec- 
tively, both  including  conspicuously  the  pair  of 
heterochromosomes  almost  invariably  situated 
on  the  nuclear  u-all  and  close  to  the  idiosome; 
26,  diplotene-nucleus. 


27b.  Metaphase;  one  of  the  chromosomes  has  moved 
in  advance  of  the  others  to  one  pole;  this  has  a 
tetrad  form  and  is  still  clearly  bivalent;  ac- 
cordingly, it  fails  to  divide  in  this  mitosis  and 
may  represent  the  "accessory"  of  the  growth 
stages. 

Sheep. 

28.  Resting    primary    spermatocyte,    showing    the 

accessory  at  the  idiosome  pole;  perhaps  post- 
synaptic "confused  stage"  of  Wilson. 

29.  Bouquet  (synapsis)  stage;  the  accessory  chromo- 

some is  attached  to  a  double  thread,  and  in- 
variably lies  close  to  the  nuclear  wall. 

30.  Postsynapsis;  early  prophase,  showing  a  bipartite 

accessory  (or  pair  of  heterochromosomes). 

Horse. 

31.  Primary    spermatocyte;    the    nucleus    contains 

two  irregular  kar>'09omes  and  a  bilobed 
chromatic  nucleolus,  probably  a  pair  of  hetero- 
chromosomes. 

32.  Synapsis  stage,  showing  the  heterochromosomes 

among  the  pairing  threads  close  to  the  nuclear 
wall. 

33.  Postsynapsis.   showing   a   tripartite   X-eleraent, 

the  heterochromosome  group;  pachytene- 
nucleus. 

Ml'LE. 

34.  Resting     primary     spermatocyte,     showing     a 

divided,  or  paired,  heterochromosome. 

35.  Synapsis  stage,  showing  a  heterochromosome. 

36  and  37.  Eariy  and  late  prophase  stages  respec- 
tively, showing  a  pair  of  heterochromosomes. 

Bull. 

38.  Postsynapsis,  showing  an  accessory  chromosome 
among  the  bivalent  threads,  close  to  wall  and 
idiosome;  diplotene-nucleus. 

Dog. 

30.  Primar>'  spermatocyte;  presynaptic  resting 
phase,  showing  plasmosome  and  biloljed 
monosome. 

40.  Postsynaptic    phase,    pachytene-nucleus;   mono- 

some  attached  to  one  of  the  threads. 

41.  Early  prophase,  diplotene-nucleus;  chromosomes 

in  form  of  long  bivalent  threads;  monosome 
close  to  nuclear  ^vall. 

42.  CKicyte   from   ovary   of   23-day   cat.     SjTiapsis. 

True  nucleolus:  monosome  divided  longitu- 
dinally (after  If.  von  Winiwarter  ct  G.  Sain- 
mont.  fig.  43). 
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THE  BRYOZOA  OF  THE  TORTUGAS  ISLANDS,  FLORIDA. 


By  Raymond  C  Osbusn. 


In  the  summer  of  1908  the  writer  had  the  privilege  of  spending  the 
month  of  June  at  the  Carnegie  Institution  Laboratory  for  Marine  Biology, 
located  on  Loggerhead  Key  of  the  Tortugas  Islands.  Owing  to  the  short 
time  at  my  disposal  the  entire  period  was  devoted  to  a  close  search  for  the 
bryozoa  inhabiting  the  shallow  waters  about  the  reefs,  on  the  piles  of  the 
old  government  dock  on  Garden  Key,  in  the  moat  of  old  Fort  Jefferson 
on  the  same  key,  and  in  dredging  the  shallow  waters  about  the  islands 
down  to  22  fathoms.  For  much  of  the  work  a  sldff  or  a  small  launch 
was  used,  and  for  the  deeper  dredging  (10  to  22  fathoms)  the  schooner 
Physalia  was  employed.  The  Tortugas  Islands  are  islets  of  a  coral  atoll 
and  in  the  diversified  bottom  afforded  by  such  a  region  a  rather  abundant 
bryozoa  fauna  was  found. 

Comparatively  little  work  has  been  done  on  the  bryozoa  of  the  Florida 
and  West  Indian  r^ons.  Smitt's  papers  on  the  Florida  bryozoa  (1872-73) 
deal  with  87  species  collected  by  Count  L.  F.  de  Pourtales  and  afford  the 
only  extended  record  of  the  bryozoa  of  this  region.  Pourtales  (1867),  in 
a  paper  entitled  "  Distribution  of  the  Fauna  of  the  Gulf  Stream  at  Great 
Depths/'  listed  and  described  as  new  7  species  of  bryozoa,  2  of  which  have 
been  proved  to  be  synonyms.  Verrill,  in  his  Bermuda  papers,  has  listed  21 
species  from  the  Bermuda  Islands.  Levinsen,  in  his  important  work, 
"Morphological  and  Systematic  Studies  on  the  Cheilostomatous  Bryozoa" 
(1909),  records  6  species  from  the  West  Indian  and  Florida  region,  describing 
two  of  them  as  new.  Otherwise  this  vast  region  remains  untouched.  As 
the  collections  of  Pourtales  were  made  in  the  deeper  waters  of  the  Florida 
r^on,  it  was  presumed  that  careful  collecting  in  the  shallow  waters  would 
disclose  the  presence  of  a  somewhat  different  fauna,  a  presumption  well 
borne  out  by  the  results  of  my  collecting.  There  is,  indeed,  a  remarkable 
disparity  between  the  list  given  by  Smitt  and  that  forming  the  basis  of  the 
present  paper.  Not  only  did  41  of  the  species  described  by  Smitt  fail  to 
appear  in  the  shallow  waters,  but  40  others,  whose  presence  was  not  hitherto 
suspected  in  the  Florida  region,  and  many  of  them  not  even  in  America, 
were  taken.  This  brings  the  list  of  the  species  at  present  known  from 
Florida  and  West  Indian  waters  up  to  127. 

By  comparing  with  lists  from  other  regions  where  the  bryozoa  have  been 
carefully  worked,  it  will  be  seen  that  the  bryozoa  fauna  of  the  Tortugas 
and  of  the  Florida-West  Indian  regions  is  fairly  rich  in  spedes  and  fairly 
representative  of  tropical  and  semi-tropical  regions.    Careful  collecting  for 
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a  number  of  years  in  a  limited  region  about  Woods  Hole,  Massachusetts, 
and  extending  down  to  about  20  fathoms,  yielded  83  species  (see  Osbum, 
1912).  Waters  (1909-10)  listed  73  species  from  the  Red  Sea.  Norman 
(1909)  records  139  species  from  Madeira  and  neighboring  islands.  This 
latter  list  is  of  special  interest  for  comparison,  since  the  Madeira  bryozoa 
have  been  collected  with  some  care  for  about  50  years  and  it  may  be  supposed 
that  it  is  fairly  complete.  In  making  comparison,  however,  it  must  be 
noted  that  the  dredging  about  Madeira  extended  down  to  200  to  300  fathoms,, 
while  those  of  the  present  list  go  only  to  22  fathoms,  so  that  to  properly 
compare  the  Florida  with  the  Madeira  fauna  the  present  list  of  shallow- 
water  forms  should  be  combined  with  that  of  Smitt. 

The  Tortugas  bryozoan  fauna  (shallow  water)  presents  a  very  different 
fades  from  that  of  Woods  Hole  at  the  same  depth,  since  the  two  lists  of  76 
and  83  species,  respectively,  have  only  13  species  in  common.  The  Woods 
Hole  fauna  is  distinctly  northern,  while  that  of  the  Tortugas,  at  least  for 
the  shallow  waters,  is  distinctly  tropical.  This  is  readily  understood  when 
we  recall  that  the  Tortugas  are  within  0.5  degree  of  the  tropics,  and  that 
these  islands  receive,  directly  along  their  shores,  the  warm  waters  of  the 
Gulf  Stream  which  sweep  up  from  the  Caribbean  Sea. 

It  is  interesting  to  note  in  this  connection  that,  of  the  40  species  here 
added  to  Smitt's  list,  33  are  limited  entirely  or  chiefly  to  a  tropical  distri- 
bution. 

The  arrangement  of  the  bryozoan  species,  genera,  and  families  has  under- 
gone so  much  alteration  in  recent  years,  as  a  result  of  the  studies  of  Norman, 
Waters,  Calvet,  and  Levinsen,  as  to  be  wholly  unintelligible  to  anyone  except 
the  systematist  familiar  with  the  changes  of  the  last  ten  years.  It  is  im- 
possible that  this  should  be  otherwise,  since  the  older  classification  was 
based  almost  entirely  upon  the  structure  of  the  skeleton  of  dead  and  dried 
material,  without  reference  to  the  general  morphology. 

In  the  following  list  I  have  followed  as  far  as  possible  the  classification 
adopted  by  Levinsen  (1909).  In  the  cases  of  a  few  imperfectly  understood 
species  the  older  genera  have  been  retained  as  "catch-alls."  Thus  the 
genera  (?)  Lepralia  and  PhylacteUa  have  been  used  in  the  old  Hincksian 
sense  for  certain  species  which,  with  more  complete  knowledge,  must  un- 
doubtedly go  elsewhere. 

The  figures  were  drawn  by  Mr.  S.  Shimitori,  except  figures  7,  11,  22, 
and  23,  which  are  the  work  of  Mr.  H.  Murayama. 

ENTOPROCTA. 

Genus  Pedicellina  Sars,  1835. 

Pediccllina  cemua  (Pallas)  • 

OsBURN,  1912,  p.  213,  Synonymy  and  previous  records  of  the  occurrence  of  this  species 
on  the  American  coast. 

Apparently  not  common,  but  several  small  colonies  were  taken  on  the 
piles  of  docks  and  dredged  at  10  fathoms. 
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Genus  Barbntsia  Hincks,  1880. 

Barentna  ditcreta  (Busk). 

Busk,  1886,  p.  44  (Ascopodaria  discreta). — ^Jullibn,  1888,  p.  13  {PedeceUina  austra^ 
Hs). — (?)  Vbrkill,  1900,  p.  594  (BarerUsia  Hmida  6p.  nov.). — ^Waters, 
1904,  p.  99.— OsBURN,  1912,  p.  214. 

This  species,  first  described  from  Tristan  da  Cunha  in  the  Challenger 
reports,  is  now  known  to  be  widely  distributed,  as  follows:  Tristan  da 
Cunha,  100  to  150  fathoms  (Busk);  China  Sea,  27  fathoms  (Kirkpatrick) ; 
C!ape  Horn,  26  fathoms  QuIIien);  He  Londonderry,  Magellanes,  Chile 
(Waters);  Woods  Hole,  Massachusetts  (Osbum);  Beaufort,  North  Carolina 
(Osbum);  Tortugas,  Florida  (Osbum). 

If  Verrill's  BarerUsia  timida  from  the  Bermudas  is  the  same  species,  as 
I  strongly  suspect,  this  will  add  another  locality.  Verrill  states  in  regard 
to  his  B.  timida  that  it  is  closely  allied  to  B.  discreta,  but  that  the  latter  has 
a  shorter  and  more  annulated  basal  cylinder  and  also  several  annulations 
of  the  stem  below  the  base  of  the  cup.  In  my  experience,  the  annulations 
of  the  stem  are  of  little  importance,  if  any,  as  there  is  much  individual  vari- 
ation which  may  represent  only  differences  in  contraction  at  this  point. 

The  individuals  are  small  and  the  species  may  readily  escape  observation. 
It  appears  only  once  in  my  collection  made  at  the  Tortugas,  being  dredged 
in  18  fathoms  directly  north  of  the  island  on  a  bottom  of  coral  mud;  several 
fragments  of  colonies  attached  to  shells. 

CYCLOSTOMATA. 
Genus  Crisia  (part)  Lamouroux,  1816. 
?  Crisia  denticulata  (Lamarck). 

Laicarck,  1816,  p.  137  (jCeUaria  denticulata), — ^Stimpson,  1853,  p.  18. — ^Sicrrr,  1872, 
p.  4  (Crtsia  ebumea).— -Jelly,  1889,  p.  73. — ^Harmbr,  1801,  p.  136. — Verrill, 
id79>  P*  ^8;  1900,  p.  593. — ^Whttbavbs,  1901,  p.  no. — Osburn,  1913,  p.  216. 

Numerous  small  colonies  were  taken  at  from  10  to  15  fathoms  in  various 
traces  about  the  island,  attached  usually  to  sponges  and  shells.  Smitt 
records  the  species  as  C.  ebumea  from  7  to  60  fathoms.  Stimpson  (1853), 
Verrill  (1879),  and  Whiteaves  (1901)  have  recorded  it  from  New  England 
to  Canada,  though  these  records  are  questionable  on  account  of  failure 
to  consider  the  ooeda,  and  the  writer  has  recorded  it  questionably  from 
Woods  Hole,  Massachusetts  (ooeda  wanting).  Verrill  has  reported  it  as 
common  at  Bermuda. 

Harmer  (Z.  c),  referring  to  Smitt's  Florida  record,  states:  "  I  do  not  feel 
certain  that  the  form  described  is  really  identical  with  C.  ramosa,  although 
it  can  hardly  be  r^arded  as  C.  denticulata,**  and  suggests  that  it  may  be 
Stimpson's  C.  cribraria.  It  does  not  seem  to  agree  with  the  latter  species, 
however,  in  any  essential  point  (see  Osbum,  1912,  p.  215,  for  redescription 
of  C.  cribraria),  nor  does  it  agree  with  C.  ratnosa,  in  which  the  radical 
fibers  have  long  intemodes  with  yellow  or  colorless  joints.  It  does  agree 
with  C.  detMctdata  in  having  short  intemodes  in  the  radical  fibers  and  the 
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joints  of  these  fibers,  as  well  as  those  of  the  zoarium,  conspicuously  jet- 
black.  As  the  form  of  the  colony  and  of  the  zooeda  agree  fairly  with 
denOculata,  I  retain  that  name  for  the  species.  It  is  unfortunate  that 
ovicells  are  wanting,  so  that  it  is  impossible  to  make  a  positive  determina« 
tion,  for,  in  spite  of  the  number  of  times  the  species  has  been  recorded  from 
North  America,  there  seems  to  be  not  one  of  these  records  based  on  an 
unquestioned  identification. 

Genus  Lichenopora  Defrance,  1823. 
Lichenopora  hi^ida  (Fleming). 

FLbming,  1829,  p.  530  (Discopara  hispida).— Jelly,  1889,  p.  134,  synonymy. 

A  very  minute  specimen  was  taken  on  an  alga  at  2  fathoms  and  placed 
with  some  question  in  this  species.  A  well-developed  colony  taken  by  Dr. 
Paul  Bartsch  at  Bisca3nie  Key,  Florida,  has  recently  been  examined,  and 
after  comparison  there  seems  to  be  no  doubt  as  to  the  identity  of  the  Tortu- 
gas specimen.  The  species  hitherto  has  not  been  noted  in  the  Florida  or 
West  Indian  regions. 

CHEILOSTOMATA. 

Genus  Aetea  Lamouroux,  1812. 
Aetea  truncata  (Landsborough). 

Landsborough,  1852,  p.  288  (Anguinaria  truncata). ^elly,  1889,  p.  5,  synonymy 
and  references. — Cornish,  1907,  p.  75. — ^Norman,  1909,  p.  283. 

Common  in  shallow  water  and  down  to  5  fathoms,  creeping  over  shells 

and  seaweed.    It  has  been  recorded  at  Canso,  Nova  Scotia  (Cornish,  /.  c). 

Aetea  sica  (Couch). 

Couch,  1844,  P*  lo^  (Hippothoa  sica).— Jelly,  1889,  p.  5  UEtea  recta)  synonymy  and 
references. — ^Waters,  1909,  p.  129  (^tea  r^cto).— Norman,  1909,  p.  283. 

Tortugas  at  10  fathoms  on  shells.  Not  previously  noted  in  American 
waters. 

Some  authors  prefer  to  consider  this  only  a  variety  of  ^JEtea  anguina. 
The  latter  has  not  been  taken  in  the  Florida  region,  though  it  is  common 
northward  from  Beaufort,  North  Carolina. 

Genus  Bugula  Oken,  1815. 
Bugula  neritina  (Linne). 

Linn6,  1758,  p.  38  (Sertularia  nerUina). — ^Vbrrill,  1878,  p.  304  {Acamarchis  neriUna); 
1900,  p.  588. — RoBBRTSON,  1905,  p.  266. — ^Waters,  1909,  p.  135, 

This  widely  distributed  warm-water  species  is  abundant  in  the  shallow 
water,  growing  on  piles,  shells,  seaweed,  etc.  Colonies  1.5  inches  in  height 
with  ooeda  abundantly  developed  were  taken  on  the  bottom  of  a  skiflE 
which  had  been  in  the  water  only  from  May  i  to  June  23. 

Verrill  has  recorded  the  species  for  the  Bermuda  Islands  and  from  Fort 
Macon,  near  Beaufort,  North  Carolina.  Otherwise  it  has  not  been  noticed 
on  the  American  side  of  the  Atlantic.  Robertson  found  it  common  on 
the  Pacific  coast  as  far  north  as  Monterey  Bay,  California. 
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Bttgula  neritina  var*  minima  Waters. 

Watbrs,  1909,  p.  136. 

One  small  colony  with  ovicells  abundantly  developed  and  with  numerous 
avicnlaria  (as  described  by  Waters  in  Red  Sea  specimens)  was  taken  at  a 
depth  of  8  fathoms.  Previously  known  only  from  the  type  locality.  This 
variety  is  distinguished  from  the  typical  neritina  by  the  smaller  size  of  its 
zooeda  and  by  the  presence  of  avicularia  situated  near  the  lower  end  of  the 
zooecia. 

Bugola  flabellata  (Gray). 

Gray,  1847,  p.  106  {Avictdaria  flabdUUa).'-Sunr£,  1872,  p.  18.— Vbrmll  and  Smrr, 
1873,  P»  711.— Vermll,  1879ft,  p.  189;  1880,  p.  29  {Bugula  flustroides),— 
OsBURN,  1912,  p.  225. 

A  single  small  colony  of  this  species,  attached  to  ReUpora  atlantica,  was 
taken  at  a  depth  of  12  fathoms.  The  ovicell  is  more  widely  opened  than 
in  Woods  Hole  specimens.  A  very  widely  distributed  species,  occurring 
northward  on  our  coast  to  Maine.  Miss  Robertson  found  it  at  San  Diegq, 
California. 
Bugula  microoecia  n.  sp.  (Figs.  I  to  3.) 


Flo.  t^^Brngida  mkromda  n.  sp.    Pnmt  view  of  portion  of  branch,  showing  details.    Upper  two  ooeda  not 

onite  complete.    Lower  one  complete  with  embryo. 
Flo.  9w— The  same.    Portion  of  main  branch  showinc  Joints.    Degenerate  polypides  are  present. 
Fta.  3w— The  same.    Portion  of  stem  higher  up,  showing  less-nuxOfied  sooeda.    Remains  of  degenerate  polr- 

pldeswitUn. 

Zoarium  delicate,  composed  of  a  central  stalk  with  long,  narrowly 
flabellate  branches  arising  in  an  irregular  dichotomous  fashion  from  the 
main  stem.  The  stalk,  as  well  as  its  branches,  consists  of  very  much 
elongated  and  modified  zooeda  arranged  biserially.  That  these  are  really 
zooedal  in  character  is  shown  by  the  fact  that  they  contain  polypides  and 
occasionally  one  of  them  even  bears  an  avicularium.  Notwithstanding 
thisi  definite  joints  appear  at  the  bifurcations  of  the  main  and  all  the 
accessory  branches.    These  conditions  show  an  interesting  connecting  link 
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between  the  Bugula  and  Stirparia  types  of  stems.  From  the  lower  stem 
zooecia  arise  numerous,  strong,  radical  fibers. 

The  ordinary  zooeda,  which  are  arranged  biserially,  are  long  and  slender 
and  expand  but  little  toward  the  tip;  the  frontal  aperture  extends  almost 
to  the  base  and  faces  somewhat  toward  the  axis  of  the  branch;  a  strong 
spine  is  situated  at  the  distal  outer  edge;  near  the  distal  end,  at  the  point 
where  the  outer  wall  curves  farthest  over  the  frontal  area,  is  situated  a 
short,  stout  avicularium  with  a  strongly  decurved  beak;  the  avicularium  is 
set  upon  a  stalk  so  short  as  to  be  almost  wanting. 

The  ooedum  is  hemispherical,  very  small,  and  set  very  low  down,  par- 
tially hidden  by  the  spine,  so  as  to  be  very  inconspicuous;  it  is  thm  and 
transparent,  with  a  slightly  arched  aperture.  Many  of  these  contain  em- 
bryos in  various  stages  of  development. 

Taken  at  i8  fathoms  on  a  bottom  of  coral  mud,  several  colonies  attached 
to  shell  fragments;  the  largest  2.5  inches  in  height.  Small  fragments  were 
also  found  decorating  the  legs  of  crabs  {Hyas  sp.?)  at  the  same  depth. 

Bugula  caraibica  Levinsen* 

Lbvinsbn,  1909,  p.  104,  pL  m,  figs.  2A-2N. 

This  species,  recently  described  from  St.  Croix,  Danish  West  Indies,  is 
common  at  the  Tortugas  on  the  piles  of  the  government  docks,  and  colonies 
1.5  inches  high  were  taken  on  the  bottom  of  a  skiff  which  had  been  in  the 
water  only  from  May  i  to  June  23,  1908. 

It  is  one  of  the  most  conspicuous  species  of  the  region,  growing  in  loose 
tufts  of  a  fine  purple  color  to  the  height  of  4  to  6  inches.  Levinsen  does  not 
recognize  Stirparia  as  a  separate  genus,  but  if  the  species  with  a  jointed 
stalk  are  to  be  separated,  caraibica  will  fall  in  that  genus. 

Bugula  armata  Verrill.  (Figs.  4  and  5.) 

Vbuull,  1900,  p.  588  (Bugula  [CauHbugula]  armata  n.  sp.). 

Verrill  has  described  from 
Bermuda  a  species  which  I 
take  to  be  the  same  as  one 
occurring  at  Tortugas.  His 
description  is  as  follows: 

A  much  more  delicate,  white 
Bugula,  consisting  of  diverging,  fan- 
like branches  attached  to  the  alten* 
nate  sides  and  to  the  tip  of  slender 
jointed  stems,  sometimes  having 
alternately  a  long  joint  and  a  very 
short  joint,  but  more  frequently  the 


FiC.  A^Buiula  armata  VerriU.     Modified  soceda  at  boat  «hort  joint  is  lacking  and  the  end  of 

of  branch,  showing  arrangement  of  fpinet  and  position  ^he  joint  is  swollen,  as  in  SUrparta, 

Fig.  s.^The  nme.    At  tip  of  nme  branch,  showing  character  There  are  usually  2  or  3  annulations 

olsplMs  and  position  of  avicularium.  at  the  base  of  each  main  branch  and 

these  arise  just  below  the  intemodes.  Many  of  the  cells  have  a  slender,  distal  vibraculum  or 
sometimes  two.    It  should  doubtless  form  the  type  of  a  new  genus  or  subgenus  (CauH- 
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bugida)  intermediate  between  Bugida  and  BiceUaria  on  account  of  its  articulated  spines  or 
vibraculum,  and  related  to  SHrparia  by  its  jointed  stem.  It  may  be  named  Bugida  (Catdi- 
bugida)  artnaia.  Its  zooeda  are  oblong  and  biserial,  alternate.  The  pedicellariae  are  on 
short  pedicels,  large,  lateral  not  numerous. 

Verrill  in  the  above  description  overlooked  some  interesting  and  im- 
portant points.  He  makes  no  mention  of  radical  fibers  which  originate 
at  the  lower  ends  of  the  intemodes  of  the  stalks.  He  does  not  mention  the 
ooecium,  which  is  subglobose  with  a  rather  wide  opening  directed  toward  the 
zocedal  axis.  The  ooecium  is  attached  by  a  narrow  stalk  to  the  outer  edge 
of  the  zooecial  aperture  near  the  distal  extremity  and  is  turned  sidewise  at  a 
right  angle  to  the  zooecial  axis. 

The  avicularia  ("pedicellariae**  of  Verrill)  show  a  peculiar  distribution. 
The  basal  zooedum  bears  no  avicularium,  but  the  zooecia  immediately  above 
have  the  avicularia  situated  on  the  side  about  half-way  along  the  aperture. 
The  next  few  cells  in  order  have  the  avicularium  farther  and  farther  removed 
toward  the  distal  end,  and  in  all  zooecia  farther  out  on  the  branches  the 
avicularium  is  on  the  distal  outer  edge  of  the  aperture.  This  is  a  feature 
which  I  have  never  seen  exhibited  by  any  bryozoa.  There  are  one  or  two 
ong  spines,  jointed  at  the  base,  on  the  distal  end  of  the  zooedum  (sometimes 
wanting).  Verrill  errs  in  calling  these  "vibracula,"  a  term  which  should 
be  applied  only  to  modified  avicularia  with  elongate  mandibles.  The  basal 
zooedum  of  the  main  branches  arising  from  the  stem  diflfers  from  the  others 
in  having  usually  6  spines  surrounding  the  aperture,  4  on  the  outer,  2  on  the 
inner  edge,  a  feature  exhibited  by  SHrparia  occidentaUs  (Robertson,  1905, 
pi.  XIII,  fig.  73). 

I  can  see  no  reason  for  erecting  a  new  genus  for  this  spedes.  The 
jointed  stalks,  swollen  at  the  nodes,  seem  suffident  to  place  it  in  SHrparia 
if  that  name  were  to  be  maintained  for  the  Bugulas  with  jointed  stalk. 
The  jointed  spines  do  not  necessarily  relate  the  spedes  to  Bicellaria^  as  this 
feature  is  present  in  some  spedes  of  Bugtda  and  SHrparia. 

Taken  on  a  number  of  occasions  at  8  to  10  fathoms,  growing  in  a  sprawl- 
ing fashion  over  sponges.  Found  also  on  the  legs  of  spider  crabs  at  10  to 
18  fathoms,  and  dredged  on  a  bottom  of  coral  mud  at  a  depth  of  18  fathoms. 

Genus  Beania  Johnston,  1838. 

Beania  mirabilis  Johnston. 

Johnston,  1847,  p.  372. — ^Jelly,  1889,  p.  17,  for  further  reference. — Robertson, 
1905.  p.  276. 

Several  fragments  of  colonies  on  the  legs  of  a  crab  {Hyas  sp.)  taken  at 

18  fathoms.    This  striking  and  well-known  species  has  not  before  been 

noticed  on  the  American  side  of  the  Atlantic. 

Beania  intermedia  Hincks. 

HmcKS,  i88ia,  p.  133  {Diachoris  intermedia).— V/aters,  1906.  p.  15;  1909,  p.  137. 

At  5,  10,  and  15  fathoms,  sprawling  over  hydroids  and  other  bryozoa, 
and  on  shells.    Very  small  colonies  consisting  of  only  a  few  cells.    The 
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simple,  spineless  character  of  the  zooedum  easily  serves  to  distinguish  it 
from  others  of  the  genus. 

The  species  is  entirely  southern  in  its  distribution,  being  recorded  from 
Tasmania  (type  locality),  Australia,  Chatham  Island,  Ganjam  coast,  and 
the  Red  Sea.  The  present  record  therefore  adds  the  species  to  the  Atlantic 
fauna  and  greatly  increases  the  known  range. 

Hincks  described  the  species  as  having  spines  on  each  side.    Waters 
(1909)  remarks  that  they  are  absent  in  Red  Sea  specimens,  but  sometimes 
present  in  those  from  Chatham  Island.    There  is  no  indication  of  them  in 
my  material. 
Beania  cupulariensb  n.  np*  (Figs.  6  and  7«) 

Small,  straggling  colonies  growing  attached  to  the  under  side  of  Cupularia 
guiniensis.  The  individual  cells  are  fairly  large  (about  as  in  B.  mirabilis). 
On  each  side  of  the  flattened  frontal  area  there  are  about  6  (5  to  7)  slender 
marginal  spines  which  curve  somewhat  over  the  area.  At  the  distal  end 
2  smaller  spines  project  forward.    At  each  side  of  the  aperture  is  placed  an 


Flo.  7^-Tbe  nme.    DomI  dde,  iliowiiig  sooedal  htm  and  point  of  orisfai  of 
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avicularium  situated  on  a  short  stalk  on  margin  of  cell;  as  far  as  observed, 
these  are  always  paired.  The  form  is  short,  the  beak  strongly  decurved. 
The  zooedum  arises  from  the  preceding  one  of  the  series^  near  the  distal 
part  of  the  dorsal  surface,  by  a  tubular  stalk  so  short  that  the  top  of  one 
zooedum  projects  over  the  base  of  the  next  in  series.  A  branch  arises 
about  midway  of  the  zooedum  near  the  lateral  margin.  Here  again  the 
tubular  portion  is  very  short  and,  as  far  as  observed,  only  one  branch  arises 
from  a  zooedum — ^never  in  pairs.  There  seem  to  be  no  other  processes 
arising  from  the  zooedum  and  many  of  the  cells  have  no  tubes,  branches,  or 
other  processes  arising  from  them,  except  that  of  the  zooedum  next  in  the 
series  and  a  dorsal  process  for  attachment. 
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The  colony  appears  to  be  very  loosely  attached  to  the  Cupularia  by 
processes  from  the  dorsal  sides  of  the  cells.  The  species  occurred  at  various 
depths — in  fact,  wherever  this  species  of  Cupularia  was  found,  at  from  10 
to  22  fathoms,  but  was  found  nowhere  else.  Usually  only  a  single  colony 
was  found  on  one  Cupularia,  but  occasionally  on  a  large  specimen  two  or 
three  colonies  would  occur. 

Genus  Synnotum  Hincks,  1886. 
33ninotum  aviculare  (Pieper). 

PiBFBR,  1 881,  p.  43  {GemmeUaria  avtcularis), — ^Hincks,  1886,  p.  257. — Robertson, 
1905*  P*  2^- 

This  well-known  species  is  abundant  about  the  islands,  growing  espe- 
cially on  shells  and  sponges  at  a  depth  of  8  to  10  fathoms.  It  has  not  before 
been  recorded  from  North  America,  except  on  the  Pacific  coast,  where  Miss 
Robertson  found  it  at  San  Pedro  and  San  Diego,  Southern  California. 
Hincks  (1886)  described  the  sessile  avicularia  as  alternating  on  Adriatic 
specimens.  Robertson  states  that  they  appear  on  every  pair  in  specimens 
from  California.  In  the  Florida  material  in  my  collection  the  alternate 
condition  is  the  rule,  but  occasionally  sessile  avicularia  appear  on  successive 
pairs  of  zoceda.  Besides  the  above  localities  the  species  is  now  known  from 
the  Mediterranean  and  Red  Seas,  South  Africa,  Australia,  and  the  Andaman 
Islands. 

Genus  Nellia  Busk,  1852. 
Nellia  oculata  Busk. 


Busk,  1852,  p.  18. — ^Lamarck,  1816,  p.  135  {CeUaria  teneHa). — ^Siott,  1873,  p.  3. — 
Jelly,  1889,  p.  g±  (Farcimia  tenma,  references  and  synonymy). — ^Waters, 
1909,  p.  167  (Farcmia  ocfi/a/a).— Levinsbn,  1909,  p.  120  (NelUa  teneUa). 


Abundant  at  10  to  18  fathoms,  frequently  attached  to  sponges  or 
occasionally  to  shells.  The  usual  height  of  the  colonies  is  0.5  to  i  inch. 
One  large,  branched  colony  was  taken,  measuring  4  inches  across  and  of 
equal  height.  Smitt  recorded  the  species  from  13  to  138  fathoms.  It  has 
also  been  recorded  from  Texas  and  St.  Thomas,  West  Indies  (Levinsen)i 
and  is  widely  distributed  in  the  Atlantic,  Pacific,  and  Indian  Oceans  down 
to  a  depth  of  550  fathoms. 

Waters  (1909,  p.  167)  objects  to  the  use  of  Lamarck's  name  tenella  on 
the  ground  that  the  short  description  given  by  Lamarck  is  not  diagnostic 
and  "might  be  applied  to  several  species  or  even  genera." 

Genus  Scrupocellaria  van  Beneden,  1844. 

Scrupocellaria  comigera  (Pourtales). 

PouKTALBS,  1867,0.  Ill  (Candacomifera). — ^Siott,  1872,  p.  14  (Cellitlaria comigera).'^ 
Jbllt,  1889,  p.  61  (Celhdarta  comigera). 

One  small  specimen  of  this  species  was  taken  at  10  fathoms  and  several 

others  at  15  fadioms.    The  radical  fibers  are  characteristically  armed  with 

stout,  retrorse  spines,  as  figured  by  Smitt.    This  alone  is  not  sufficient  for 

determining  the  species,  as  Busk  has  noticed  serrate  radicals  in  S.  ferox 
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Busk  and  5.  nuicandrei  Busk,  and  Waters  has  named  a  species  from  the 
Red  Sea  5.  serrata  on  account  of  this  character.  Florida  specimens  of 
5.  cervicomis  Busk  show  similar  spines  occasionally  on  the  basal  radicals. 
5.  comigera  is  a  very  delicate  species  and  the  radical  fibers  are  transparent 
and  thread-like,  and  this  fact  alone  will  serve  to  distinguish  it  from  S. 
cervicomis. 

Pourtales  took  the  species  at  270  fathoms,  so  it  has  a  rather  wide  range 
in  depth  and  temperature. 

Scrupocellaria  cervicomis  Busk. 

Busk,  1852,  p.  24. — ^Siirrr,  1872,  p.  14  {CeUtdaria  cervicomis),— Wersjll,  1900,  p.  594, 
Occurs  commonly  about  the  islands,  from  low  water  to  18  fathoms, 
growing  on  piles  of  docks,  attached  to  stems  of  gorgonias,  etc.  Colonies 
about  0.5  inch  in  height,  with  ooecia  containing  ^:gs,  were  taken  from  the 
bottom  of  a  skiff  on  June  23,  which  had  been  in  the  water  only  since  May  i. 
Recorded  by  Smitt  from  7  to  17  fathoms. 

The  radical  fibers,  which  are  abundant  at  the  base  of  the  colony,  are 
usually  smooth,  but  in  a  few  cases  they  bear  retrorse  spines  like  those  of 
5.  cornigera.  In  such  cases  the  species  are  easily  distinguished  by  the 
fibers  alone,  as  they  are  much  coarser  in  cervicomis.  The  cervicom  spines 
on  the  outer  distal  extremity  of  the  zooeda  are  well  marked. 

Genus  Canda  Lamouroux,  1816. 
Canda  caraibica  Levinaen. 

Lbvinsen,  1909,  p.  142. 

This  spedes  has  been  recently  described  by  Levinsen,  who  gives  no 
further  indication  of  its  distribution  than  is  embodied  in  his  remark  "plenti- 
ful material  of  a  West  Indian  species."  Levinsen  suggests  the  probability 
that  this  spedes  is  identical  with  C.  simplex  Busk,  but  being  unable  to 
determine  this  point  he  gives  a  new  name  to  the  West  Indian  material. 

Several  colonies  were  taken  by  the  writer  at  the  Tortugas  at  a  depth  of 
15  fathoms,  attached  to  shells.  The  largest  of  these  was  not  much  over 
0.25  inch  in  height  and  no  ovicells  nor  avicularia  were  present.  The 
absence  of  an  opercular  spine  and  the  length  of  the  membranous  frontal 
area  (two-thirds  of  the  whole  zooedum)  show  this  form  to  be  that  described 
by  Levinsen.  The  vibraculum  in  some  cases  is  longer  than  the  width  of 
the  branch. 

The  other  Florida  spedes  of  this  genus,  C.  reiiformis  Pourtales  (1867, 
p.  no),  which  Levinsen  wrongly  attributes  to  Smitt,  is  quite  distinct  from 
C.  caraibica,  since  it  possesses  a  broad  opercular  spine,  the  membranous 
area  is  but  little  more  than  half  as  long  as  the  zooedum,  and  there  are 
differences  in  the  vibracula.    C.  retiformis  was  not  found  at  the  Tortugas. 
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Genus  Membraniposa  Blainville,  1834. 

Membranipora  membranacea  (Linne). 

Linn6,  1766-68,  p.  1301  (Flusira  membranacea), — Packard,  1867,  p.  274. — Robertson, 
1908,  p.  267. — ^Norman,  1909,  p.  286. 

One  colony  on  the  bottom  of  a  skiff.  In  every  respect  this  colony 
agrees  with  European  specimens  in  my  collection,  except  that  there  is  a 
very  slight  extension  of  the  calcification  over  the  area  at  the  base  of  some 
of  the  zooeda.  This  is  so  slight,  however,  that  I  can  not  consider  it  of 
specific  value.  The  species  was  not  listed  for  Floridian  waters  by  Smitt, 
nor  was  it  taken  by  the  writer  at  Woods  Hole,  Massachusetts,  in  several 
years  collecting. 

Packard  recorded  it  from  the  Labrador  coast.  It  is  a  common  European 
species,  occurring  as  far  south  as  Madeira  (Norman).  It  is  also  found  in 
Australia  and  New  Zealand,  and  Miss  Robertson  (1908)  states  that  on  the 
Pacific  coast  of  North  America  it  occurs  from  California  to  Alaska. 

?  Membranipora  lacroizii  (Audouiii). 

AuDouiN,  1826,  p.  240  (Flusira  kurourni.-^BvaiL,  1852-4,  voL  2,  pi.  i.— Dawson,  185Q, 
p.  256.— Packard,  1867,  p.  8.— Siarr,  1873,  p.  18.— Jelly,  1889,  P«  102 
(M.  reUctdum). — ^Waters,  1898,  p.  697. — ^Wbttbaves,  1901,  p.  97. — Robert- 
son, 1908,  p.  261. — OsBURN,  1912,  p.  227. 

Taken  in  drift  incrusting  the  carapace  and  legs  of  a  large  crab,  and  at 
8  fathoms  on  shell.  The  specimens  taken  at  Tortugas  are  much  more 
heavily  calcified  than  those  from  Massachusetts  and  between  the  zoceda 
are  numerous,  roughly  triangular  prominences  with  triangular,  membranous 
areas,  as  figured  by  Busk  (1.  c,  pi.  i),  while  these  are  almost  wanting  in  the 
Massachusetts  specimens.  Examination  of  the  reverse  side  of  the  zooedum, 
however,  reveals  the  transparent  circles  and  the  irregular  projections 
described  by  Waters  (1.  c). 

There  has  been  much  difference  of  opinion  concerning  this  species  and 
there  can  be  but  little  certainty  in  regard  to  many  earlier  records,  such,  for 
example,  as  those  of  Dawson  and  Packard.  Smitt's  figures  of  Florida 
specimens  seem,  without  question,  to  represent  the  same  species  as  my  own, 
though  the  dorsal  surface  is  not  shown.  The  range  on  the  eastern  coast  of 
North  America  is  from  Florida  to  the  Gulf  of  St.  Lawrence,  or  to  Labrador, 
if  Packard's  record  is  valid.  Elsewhere  it  is  known  from  Europe,  New 
Zealand,  and  from  California  northward  to  Alaska. 

Membranipora  tehuelcha  (d*Orbigny). 

D'Orbignt,  1839,  pi.  17  (lustra  tehuelcha). — Bosc,  1802,  p.  118  (Flusira  tuberculata). 
—Jelly,  1889,  p.  167  (Af.  tehuelcha)  andj).  168  (Af.  tuberculata).— 'V/ATSBa, 
1898,  p.  674.— Verrhx,  1900,  p.  594  {Biflustra  dentala). — ^Norman,  1909, 
p.  286  {Membranipora  tuberculata).— -OsBUKii,  1912,  p.  231. 

This  spedes  is  found  on  Sargassutn  bacciferum  (gulfweed)  wherever  it 

floats.    It  is  abundant  at  the  Tortugas.    Verrill  notes  its  occurrence  at 

Bermuda,  under  the  name  of  Biflustra  dentata,  as  "common  on  Sargassum 

found  upon  the  beaches."    Smitt  did  not  record  it  for  the  Florida  region. 

14 
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Norman  prefers  to  use  Bosc's  older  name  for  this  species  on  the  ground 

that,  while  his  description  means  nothing,  Bosc  stated  that  it  occurs  "en 

immense  quantity  sur  les  fucus  nageans  dans  rAtlantique."    As  I  am  not 

aware  that,  under  the  rules  of  nomenclature,  the  habitat  alone  is  considered 

a  sufficient  diagnosis,  I  prefer  to  follow  Waters  in  using  d'Orbigny's  name. 

Membranipora  irregularis  d'Orbigny. 

D'Orbigny,  1839,  p.  17,  pi.  vra,  figs.  5  and  6. — Siott,  1873,  p.  8,  pi.  n,  fig.  63. — Jbllt, 
1889,  p.  151,  for  synonymy. — ^Waters,  19041  p*  3i- 

Incrusting  shells  at  8,  15,  18,  and  22  fathoms.    Smitt's  figure  is  very 

satisfactory  and  there  can  be  no  doubt  that  the  present  species  is  the  one 

which  he  figured  as  taken  at  60  fathoms.    The  granulation  of  the  border 

varies  with  the  amount  of  calcification.    Ooecia  are  present  in  some  numbers. 

In  younger  stages  these  are  quite  prominent,  but  with  later  calcification  they 

become  included  in  the  general  crust. 

Membranipora  savartii  (Audouin). 

AuDOUiN,  1826,  p.  240  {Flustra  savartu). — ^Smtt,  1873,  P«  20  (Biflusira  savarHi), — 
Waters,  1909,  p.  137. 

One  small,  branching  specimen  0.5  inch  in  height  was  collected  at  a 

depth  of   10  fathoms.     The  broad,  internal,  basal  denticle  figured  by 

Waters  for  Red  Sea  specimens  is  the  best  means  of  determining  the  species. 

Recorded  by  Smitt,  29  fathoms. 

Genus  Cupularia  Lamouroux,  1821. 
Cupularia  guinienris  Busk. 

Busk,  1854*  ?•  9^* — Busk,  1859,  p.  87  (C  canariensis). — Smitt,  1873,  p.  10  (Mem- 
branipora canariensis). — Norman,  1909,  p.  289,  synonymy. 

Abundant  at  10  fathoms,  especially  on  soft  bottom  with  algae.  The 
umbrella-shaped  disks  range  in  size  from  0.125  to  0.75  inch  in  diameter. 
The  color  of  living  colonies  is  horn  brown,  due  mainly  to  the  chitinous 
bristles  which  form  the  mandibles  of  the  avicularia.  When  touched  the 
bristles  stand  erect  for  some  time. 

Recorded  by  Smitt  from  Pourtales's  collections  from  10  to  44  fathoms. 
Smitt  listed  this  species  under  Membranipora  because  of  the  character  of 
the  zocedum,  holding  the  zoarial  characters  as  of  no  importance.  Just 
why  he  should  have  retained  the  related  C  lowei  and  C.  doma  in  Cupularia 
is  not  certain,  but  probably  on  account  of  the  greater  amoimt  of  calci- 
fication of  the  front  wall. 

The  under  surface  of  the  colony  is  usually  dear  and  free  of  any  attached 
animals  or  plants,  except  that  in  numerous  cases  there  occurs,  closely 
attached,  a  new  species  of  Beania,  which  I  have  named  B.  cupulariensis. 

Cupularia  lowvi  BuaL 

Busk,  1854,  P*  99*— Smitt.  1873,  P*  '4  (^-  umbeUata  Manzoni).— Vbrull,  1878,  p.  305 
(u  umbeUata). — ^Nosman,  1909,  p.  290. 

Only  two  specimens,  both  dead,  were  taken,  one  at  12  and  the  other  at 

22  fathoms,  in  company  with  C.  guiniensis.    Each  was  about  0.25  inch  in 

diameter. 
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Recorded  by  Smitt  for  29  fathoms  and  also  in  7  fathoms  off  the  mouth  of 
the  Cape  Fear  River.  Smitt  regarded  C.  johnsoni  Busk  (syn.  C.  dotna 
d'Orbigny)  as  a  highly  calcified  form  of  C.  lowei  {umbellaia),  but  later  inves- 
tigations do  not  support  this  view. 

Verrill  (1.  c.)  recorded  the  species  with  doubt  from  one  worn  specimen 
taken  at  Fort  Macon,  near  Beaufort,  North  Carolina.  As  the  writer  has  taken 
specimens  at  the  same  locality,  Verriirs  record  may  be  considered  good. 

Genus  Cribrilina  Gray,  1848. 
Cribrilina  floridana  (Smitt). 

SMrrr,  1873,  P-  23  (Cribrilina  figtdaris  and  local  variety  floridana). — ^Jelly,  1879, 
p.  66  (calls  attention  to  fact  that  Cfi^idaris  of  Smitt  is  not  Johnston's  species, 
and  lists  C  floridana  as  a  distinct  species). 

A  number  of  small  colonies  of  this  species  taken  at  5  to  15  fathoms  on 
shells.  Smitt  recorded  it  from  29  to  42  fathoms.  It  is  not  known  to  occur 
outside  of  the  Florida  region. 

No  ooeda  nor  avicularia  are  developed  on  my  specimens.  The  posterior 
margin  of  the  orifice  is  straight,  and  the  orifice  is  completely  filled  by  the 
semicircular  operculum,  which  is  well  chitinized  and  of  a  brownish  color. 
There  are  two  short,  stout  oral  spines  and  in  young  zoceda  there  is  fre* 
quently  a  third  median  spine. 

There  is  a  possibility  that  this  species  may  belong  to  the  genus  PueUina 
of  Jullien  as  amended  by  Levinsen  (1909,  p.  159),  but  the  immature  colonies 
in  my  collection  seem  rather  to  belong  to  CribriUna  in  the  strict  sense. 

Genus  Arachnopusia  Jullien,  1888. 
Arachnopuma  monoceros  (Busk). 

Busk,  1854,  P«  7*  (LepraUa  monoceros). — ^Jblly»  1889,  p.  67,  synonymy. — ^Lbvinsbn,^ 
1^00,  p.  160  (discusses  relationship  and  adopts  Juilien's  genus  Arachnopusia 
with  emendations). 

A  single  specimen  of  this  widely  distributed  species  was  taken  at  5; 

fathoms,  incrusting  a  shell.    The  colony  was  small,  measuring  only  0.125, 

inch  across,  but  the  zooecia  ranged  in  development  all  the  way  from  the 

ancestrula  to  adults  with  ovicells  and  from  these  to  marginal  individuals 

in  various  conditions  of  calcification.    The  species  has  not  before  been 

taken  in  North  American  waters. 

Genus  Smittipora  Jullien,  1881. 
Smittipora  abyaricola  (Smitt). 

SiOTT,  1873,  P*  ^  iVinadaria  abyssicola). — ^Jbllt,  1889,  p.  253,  sjmonymy  and  refer* 
ences. — ^Hincks,  1881,  p.  155;  1887,  pp.  161  and  164. 

Found  at  low  water  and  down  to  15  fathoms  on  shells,  bases  of  gorgonias, 
etc  Smitt  recorded  two  specimens  taken  by  Pourtales,  one  at  68  fathoms, 
the  other  at  450  fathoms.  The  bathymetrical  range  of  the  species,  from  low 
water  down  to  nearly  0.5  mile,  is  worthy  of  note. 

Only  the  incrusting  phase  was  seen,  with  no  evidence  of  the  erect  stems 
described  and  figured  by  Smitt  in  one  colony.    The  family  relations  of  this 
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genus  are  very  uncertain.  Hincks  (1881,  p.  155)  placed  it  in  the  Micro- 
poridae,  but  later  (1887,  p.  154)  he  removed  it  from  this  family  on  account 
of  "the  double  layer  of  the  ectocyst,"  and  placed  it  in  the  St^;anoporellidae. 
As  we  understand  the  latter  family  at  present,  this  genus  can  not  be  included 
in  it.  It  will  require  a  careful  study  of  sectioned  material  to  determine  the 
real  position  of  the  genus. 

Genus  Steganoporella  Smitt,  1873. 

Steganoporella  magnilabris  (Busk). 

Busk,  1854*  P*  ^^  (Membranipora  magnilabris),— Smrt,  1873,  P«  '5  (SieginoporeUa 
degans). — \ 


^gans). — ^Vbrull,  1900,  p.  594  {SUpnapordla  eUgans), — ^Hakmbr,  1900, 
pp.  279-286  Prevision,  synonymy,  and  detailed  description). — ^Lbvinsbn,  1909, 
pp.  167-168  (discussion  of  family  and  genus). 

Common  in  low  water  to  15  fathoms.  Beautifully  convoluted,  frill-like 
colonies  were  taken  on  piles  and  on  shells,  sponges,  coral,  etc.,  at  12  to  15 
fathoms.  The  erect  frill-like  extensions  are  sometimes  2  inches  high  and  3 
inches  broad.  These  are  bilaminate  and  are  sometimes  tubular  in  form. 
The  color  in  life  varies  from  pink  to  reddish  brown. 

Smitt  recorded  the  species  in  Pourtales's  collections  from  15  to  37 
fathoms;  Bermuda  (Verrill) ;  other  distribution  given  by  Harmer  (1.  c,  p.  280). 

Steganoporella  connexa  Harmer. 

Harmbr,  1900,  p.  254. 

Dead  colonies  of  what  appears  to  be  this  species  were  taken  incrusting 
shells  at  a  depth  of  12  fathoms.  The  opercula  are  all  lost  from  the  colony, 
so  it  is  impossible  to  make  use  of  this  important  structure  for  identification. 
The  character  of  the  calcification,  with  the  junction  of  the  median  process 
with  the  sides  of  the  zooecium  to  form  a  pair  of  opesiulse  or  foramina,  is 
similar  to  that  described  and  figured  by  Harmer.  Since  this  connection 
of  the  median  process  with  the  zooecial  walls  is  known  only  in  5.  connexa^ 
I  refer  my  specimens  to  that  species.  The  other  points,  as  far  as  I  can  make 
them  out  on  the  dead  specimens,  agree  with  connexa^  except  perhaps  in  the 
matter  of  size,  since  the  zooeda  in  my  specimens  are  smaller  than  described 
by  Harmer.  There  is  much  variation  in  the  matter  of  size,  however,  a 
condition  also  stated  by  Harmer  to  occur  in  conneoca.  Only  one  form  of 
zooecium  can  be  distinguished. 

The  species  is  known  from  a  single  locality,  "John  Adams  Bank," 
the  location  of  which  is  somewhat  in  doubt,  but  Harmer  seems  to  feel 
satisfied  that  it  is  south  of  Abrolhos  Island  off  the  coast  of  Brazil. 

Genus  Thalamoporella  Hincks,  1887. 

Thalamoporella  rozierii  (Aiidouin). 

AuDOUiN,  1826,  p.  239  {Flustra  rowiern),-^})  Sum,  1873,  P*  i^  (SteginoporMi  rogi^ 
erii). — ^Lbvinsbn,  1909,  p.  181  (discusses  at  lengUi.  with  five  vaneties). 

Found  on  shell  in  drift  and  at  lo  fathoms  on  sponges.     Only  small, 

unilaminar  colonies  without  ooeda  were  taken.    Smitt  found  only  a  single, 

small  specimen  in  Pourtales's  collections.    His  description  of  this  specimen 
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is  brief  and  his  figure  (pi.  4,  fig.  102)  does  not  show  the  avicularium  nor  the 
spicules,  so  I  include  it  in  the  above  synonymy  with  some  doubt.  I  have 
received  from  Professor  A.  E.  Verrill  a  fine,  erect,  convoluted,  bilaminate 
colony  taken  on  the  west  coast  of  Florida.  Levinsen  (1.  c,  p.  183)  records 
the  variety  labiata  from  Jamaica  and  my  Florida  specimens  agree  fairly 
closely  with  this  variety. 

Thalamopordla  granulata  Levinsen. 

Lbvinsbn,  1909,  p.  188. 

In  the  drift  were  found  several  dead 
specimens  incrusting  shells  and  calcareous 
sJgae.    The  sinuated  character  of  the  ori- 
fice with  the  strong  lateral  denticles;  the 
nearly  equal  opesiulse  reaching  the  mar- 
ginal  wall   and  with  granulated    edges;  ^ 
the    doreal     opesiular    outgrowths;    the  '^'"'ii^VSS^l^'^uSr^J^^ 
granulated  character  of  the  zocecial  walls ;        SSSiE.*"  ""^^  ^'"^'''  ^'^'^  '"^  *^ 
the  form  of  the  large,  spatulate  avicularian 

mandible,  and  the  character  of  the  spicules,  all  approach  closely  to  T, 
granulata.  The  only  difference  to  be  observed  is  in  the  basal  portion  of  the 
avicularian  chamber.  When  completely  calcified  this  structure  becomes 
closed  by  a  calcareous  lamina  up  to  the  hinge  denticles  of  the  mandible, 
leaving  only  two  openings  similar  in  appearance  to  the  opesiulse  of  the 
ordinary  zooecia,  except  that  they  are  much  smaller  and  are  removed  from 
the  lateral  wall. 

Thalamoporella  falcifera  (Hincks). 

HiNCKS,  18806,  p.  380  {Steganopordla  rowieri,  form  falcifera). — ^Levinsen,  1909,  p.  186^ 

A  single  specimen  of  this  species,  which  is  distinguished  by  the  falcate 
mandible  of  the  avicularium,  was  taken  in  shallow  water  growing  on  algae. 
Apparently  this  species  grows  only  on  algae,  if  one  may  judge  from  the 
comparatively  small  number  of  records.  It  has  a  wide  distribution  and  is 
recorded  from  Campeche  Bank,  Yucatan;  Java  Sea;  Geographe  Bay,  Aus- 
tralia, and  from  latitude  23**  30'  N.,  longitude  40**  W. 

Genus  Savignyella  Levinsen,  1909. 

Savignyella  lafontii   (Audouin), 

AuDOUiN,  1826,  p.  242  (Eucratea  lafontii). — ^Jelly,  1889,  p.  93  (synonymy  under 
Eucratea  lafontii), — Norman,  1009,  p.  295  {Catenaria  lafontii,  later  synonymy 
and  discussion  of  relationships;. — ^Waters,  190Q,  p.  131  (Catenaria  lafonlU, 
later  synonymy  and  discussion  of  generic  name). — Levinsen,  1909,  pp.  213 
(note)  and  274  (Savignyella,  new  genus  and  reasons  for  change  in  generic 
name). 

This  widely  distributed  tropical  species  is  abundant  about  the  islands 

from  low  water  down  to  10  fathoms  on  shells,  piles,  and  sponges,  in  company 

with  Amathia^  Bowerbankia,  etc.    Ooecia  with  eggs  in  various  stages  of 
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development  are  common.  A  number  of  colonies  with  ooecia  containing 
eggs  were,  on  June  23  taken  from  the  bottom  of  a  skiff  which  had  been  in  the 
water  only  since  May  i.  The  color  in  life  is  dark  brick-red,  which  makes 
the  colonies  quite  conspicuous  against  the  background  in  spite  of  their 
small  size.  The  presence  of  this  species  in  American  waters  has  hitherto 
escaped  notice. 

While  there  has  never  been  any  question  as  to  the  validity  of  this  spe- 
cies, there  has  been  great  confusion  as  to  its  generic  position  ever  since  its 
discovery.  This  has  been  sufficiently  discussed  by  Norman  (1.  c),  Waters 
(1.  c),  and  Levinsen  (1.  c).  Waters  remarks  "though  it  certainly  never 
ought  to  have  been  placed  under  Catenaria,  it  seems  best  to  leave  it  here," 
but  Levinsen  solves  the  problem  by  the  erection  of  a  new  genus  Savignydla. 
This  seems  the  only  proper  course,  since  the  species  does  not  have  generic 
relationship  with  any  of  the  older  genera  (Catenaria,  EucraUa,  Alysidium, 
Catenicella)  in  which  it  has  been  placed  by  previous  authors. 

Genus  Hippothoa  Lamouroux,  1821. 
Hippothoa  distans  MacGillivray. 

MacGillivray,  1868,  p.  130.— Jelly,  1889,  p.  112  {Hippothoa  flageUum),  references. — 
Waters,  1904,  p.  54,  synonymy  and  references. 

This  minute  species  occurs  abundantly  at  the  Tortugas  from  low  water 
to  12  fathoms,  spreading  over  the  inside  of  dead  shells.  Ooeda  are  abun- 
dantly developed.  The  "short  processes  arising  from  the  side  of  the  zocecium, 
below  the  lateral  tubular  branches,"  described  and  figured  by  Waters  (1.  c.) 
as  occurring  on  specimens  from  Sydney,  New  South  Wales,  are  developed 
on  many  of  the  zocecia.  I  am  unable  to  add  anything  to  Waters's  descrip- 
tion of  this  organ,  except  that  it  is  constricted  at  the  base  where  it  is  attached 
by  a  movable  joint  to  the  zocecium. 

The  species  is  very  widely  distributed  in  European  seas.  New  Zealand, 
Australia,  Pacific  Ocean,  Cape  Horn,  etc.,  but  has  not  hitherto  been  noticed 
on  the  American  side  of  the  Atlantic. 

Genus  Trypostega  Levinsen,  1909. 
Trsrpoitega  venusta  (Norman). 

Norman,  1864,  p.  84  (LepraUa  venusta)  and  1909,  p.  399. — Gabb  and  Horn,  1S62, 
p.  127  \Leprciia  inomata). — ^Smitt,  1873, jp.  37  {GemdUpora  glabra,  forma 
striama)  and  p.  61  {LepraUa  inomata  Gabb  and  Horn).— Jbllt,  1889, 
P*  233  {Schizoporella  striatula),  p.  237  (5.  venusta)  and  p.  128  {Lepraiia  inor- 
nata). — ^Levinsen,  1902,  p.  23,  and  1909,  p.  281  {Trypostega  venusta). 

On  shells,  Steganopordla  and  Oculina,  at  5  to   15  fathoms.    Smitt 

recorded  it  as  GemeUipora  glabra  forma  striatula,  incrusting  nullipores  at  a 

depth  of  68  fathoms,  one  colony,  and  as  Lepraiia  inomata,  two  colonies  from 

26  and  60  fathoms.    After  careful  study  of  the  material  at  hand,  I  am  unable 

to  distinguish  more  than  one  species,  or  to  separate  it  from  the  venusta  of 

Norman,  even  as  a  variety.    The  form  of  the  aperture,  the  umbonate  knob 

below,  the  puncturing,  the  character  of  the  dwarf  zocecia  and  their  relation 
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to  the  ooeda,  all  appear  to  me  to  be  identical.  Levinsen  (see  above)  has 
recently  made  this  species  the  type  of  a  new  genus,  Trypostega,  characterized 
especially  by  having  the  oceda  covered  by  dwarf  zooecia  with  scattered 
pores  and  a  minute  orifice. 

This  species  is  widely  distributed,  but  on  the  American  coast  is  known 
only  from  the  Florida  region.  Levinsen  (p.  281)  included  Gabb  and  Horn's 
and  Smitt's  records  for  LepraUa  inamata,  but  failed  to  include  Smitt's 
CemeUipora  glabra  forma  strtatula  as  a  synonym.  Smitt  (pp.  61-62)  sepa- 
rated the  species  on  the  following  ground:  "The  most  characteristic  differ- 
ence, whidi  has  caused  us  to  place  them  in  different  families,  depends  on 
the  shape  of  the  zooedal  aperture,"  and  his  figures  show  some  differences,  but 
these  may  be  accounted  for  by  variation.  In  a  single  colony  in  my  posses- 
sion the  variation  is  as  great  as  that  shown  by  Smitt's  two  specimens. 

Genus  Adeona  Busk,  1884. 

Adeona  violacea  (Johnston). 

Johnston,  1847,  p.  325  (LepraUa  violacea), --{?)  Rbuss,  1847,  ?•  85  (Cellepora  heckeU).^ 
Smttt,  1873,  p.  30  (Porina  violacea  and  Porina  ptagiopora  Busk).— Jelly, 
1889,  p.  184  {MicroporeUa  heckeli),  synonymy. — ^Vbuull,  1901.  p.  K4  (Pmntf 
^^u^a).— Norman,  1909,  p.  296  (RepiadeoneUa  Mo^ocea).— LkviN8BN, 
1909,  p.  383,  discusses  genus  and  spedes. 

Taken  from  5  to  18  fathoms.  Both  the  typical  form  and  the  nominal 
variety  plagiopora  (Busk)  occur  and  in  some  colonies  the  avicularia  are 
intermediate  in  position  between  that  of  violacea  and  plagiopora.  Occa* 
sionally  the  characters  of  both  "varieties,"  together  with  intermediate  con- 
<litions,  may  be  observed  in  the  same  colony.  The  usual  color  is  purple, 
varjring  to  nearly  black,  or  through  pale  bluish  to  white. 

Smitt  recorded  the  species  **  from  the  depth  of  35  fathoms  W.  off  Tortu- 
gas"  (Porina  violacea),  and  "at  a  depth  of  60  fathoms  W.  off  Tortugas" 
{Porina  plagiopora),  and  Verrill  has  noted  the  form  plagiopora  at  Bermuda. 
Otherwise  the  species  has  not  been  recorded  from  American  waters. 

Levinsen  (1909,  p.  282)  has  returned  to  the  use  of  Busk's  family  Ade- 
onidse,  thus  again  breaking  up  the  arrangement  established  by  Hincks  in  his 
family  Microporellidse.  The  latter  family  was  based  on  the  presence  of  a 
frontal  pore  (ascopore)  as  the  principal  character;  but,  as  Levinsen  has 
shown,  this  brought  together  a  number  of  forms  which  are  separated  by 
more  fundamental  characters. 

Genus  Bracebridgia  MacGillivary,  1886. 

Bracebridgia  subsulcata  (Smitt). 

SiOTT,  1873,  p.  28  (Porina  sHbsulcaia).—VERBiLL,  1901,  p.  54  (Porina  subsulcata),-^ 
HiNCKS,  1880a,  p.  76  (Micropordla  subsulcata). 

Abundant  from  10  to  12  fathoms.     Branching  colonies  reach  a  height 

of  2  inches  or  more.    The  color  in  life  varies  from  yellowish  pink  to  orange; 

when  dead,  white.    Smitt  recorded  the  spedes  from  10  to  48  fathoms  and 

a  dead  specimen  from  471  fathoms.    Verrill  has  recorded  it  from  Bermuda, 

l)ut  otherwise  it  is  known  only  from  the  Florida  region. 
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I  have  placed  this  species  in  the  genus  Bracebridgia-mth  some  hesitation, 
sincey  as  this  genus  is  understood,  it  possesses  no  ascopore  (Levinsen,  1909, 
pp.  283,  289).  In  subsukata  a  minute  pore  is  usually  present  below  the 
suboral  avicularium;  a  similar  pore  appears  above  the  basal  avicularium 
when  this  organ  is  present.  This  latter  pore  was  not  figured  nor  mentioned 
by  Smitt.  I  have  not  been  able  to  determine  positively  the  nature  of  this 
structure  and  it  may  be,  from  the  fact  that  it  is  often  wanting  and  also 
because  of  its  presence  in  connection  with  the  basal  avicularium,  that  it 
is  not  an  ascopore  at  all,  or  that  it  represents  this  organ  in  a  vestigial 
condition. 

The  nature  of  the  colony  and  the  zoceda  with  the  marginal  and  other 
ribs,  the  form  of  the  orifice,  the  presence  of  a  line  of  special  independent 
avicularia  on  each  edge  of  a  branch,  all  seem  to  agree  with  Bracebridgia. 
B.  Pyriformis  (Busk)  has  a  flattened  area  below  the  orifice  where  the  avicu- 
larium is  located  in  substdcata^  but  the  fact  that  MacGillivray  found  a 
single  avicularium  in  this  position  in  one  colony  of  B.  Pyriformis  is  sufficient 
to  show  the  relationship.  Moreover,  in  the  rare  cases  in  which  the  oral 
avicularium  is  wanting  in  subsukata  there  is  a  flattened  area  similar  to  that 
of  Pyriformis. 

Genus  Retepora  Smitt,  1867. 
Retepora  maraupiata  Smitt 

SiOTT,  1873,  p.  67.--BUSK,  1884,  p.  116  {Retepora  atlarOica), —G abb  and  Ho&k» 
1862,  p.  138  (Phidolophora  tahiata). — ^Jelly,  1889,  p.  212  (Jelly  adopts  Buck's 
name  aUanlica  for  this  species,  but  Smitt's  publication  of  the  name  marsupiata 
clearly  has  priority). 

Taken  on  a  number  of  occasions  at  10  to  18  fathoms.    The  largest  colony 

measured  about  an  inch  in  height.    The  color  in  life  is  a  delicate  pink. 

Smitt  records  the  bathy metrical  distribution  as  16  to  262  fathoms. 

Genus  Rhynchozoon  Hincks,  1891. 
Rhynchozoon  tuberculatum  n.  sp.   (Fig.  9.) 

Zooecia  small,  rather  evenly  swollen,  separated 
by  slightly  raised  marginal  walls;  the  surface,  ex- 
cept in  young  individuals,  strongly  tuberculate. 
Pores  are  wanting,   except  for   occasional   very 
minute  ones  at   the  margin.    Orifice  ovate,  the 
broader  distal   border  often   somewhat  straight; 
at  one  side  near  the  proximal  border  a  strong 
pointed  tooth  extends  often  more  than  half-way 
across  the  orifice  and  curves  backward;  on  the  op- 
posite side  a  minute  projection  sometimes  appears,   ^ig.  g.—Rkynchoaoon  tMbercuU- 
but  is  often  entirely  absent.    The  peristome  is  thin      S'l^jj^^umf  ori^  SSSS^ 
and  raised  high  above  the  primary  orifice,  usually      "^  oviceu. 
erect  at  the  sides,  but  flaring  slightly  backward  behind  the  orifice;  above 
the  large  tooth  the  peristome  appears  to  bear  a  minute,  short-elliptical 
avicularium,  but  I  am  not  able  to  distinguish  a  mandible  in  my  specimen. 
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The  ovicell  is  globose,  at  first  smooth,  but  later  tuberculate  like  the 
zooedum;  on  either  side  at  the  widest  part  and  near  the  base  is  a  rounded 
thin  area  appearing  membranous;  in  complete  calcification  the  peristome 
rises  over  the  front  of  the  ovicell  and  fuses  with  the  outer  layer,  leaving  a 
thin,  somewhat  triangular  area  on  the  front. 

One  colony  at  18  fathoms,  incrusting  a  shell  with  a  single  layer  of 
zooecia. 

Rhsmchozoon  solidum  n.  sp.  (Figs.  10,  II,  and  12.) 


Fig.  lO^-^RJiynthoaoom  soUdwm  n.  sp.     Enlarged,  showing  siclmary  aperture,  spines,  two 

pain  of  denticles,  and  the  beaded  vestibiilar  arch. 
Fig.  xz^— The  same.    Operculum* 
Fig.  za^-^The  same.    Fully  calcified,  showing  avicularium,  peristome,  and  ovicell. 

Zoceda  small,  little  swollen,  rather  broad,  closely  set  in  a  continuous 
crust,  thick-walled,  the  surface  smooth  or  irregularly  traversed  by  very 
fine  lines.  As  a  rule  only  three  pores  are  seen,  one  at  the  posterior  margin 
and  the  others  on  either  side  of  the  orifice  at  the  margin.  Orifice  evenly 
rounded,  a  little  broader  than  long,  with  a  rounded  sinus  in  the  proximal 
border.  This  sinus  is  really  double,  being  formed  by  two  sets  of  denticles, 
the  lower  pair  equal  in  size  and  inclosing  a  semicircular  sinus  much  like 
that  of  many  SchizoporeUas.  Immediately  above  them  is  another  pair  of 
denticles,  more  pointed  and  a  little  longer  than  the  lower  ones,  and  often 
one  of  them  is  a  trifle  larger  than  the  other;  they  are  turned  inward  more 
than  the  lower  pair,  so  as  to  inclose  a  narrower  and  more  nearly  circular 
sinus.  The  operculum  is  well  chitinized,  yellowish  in  color,  the  dots  showing 
attachment  of  muscles  situated  nearly  half-way  from  the  circumference 
toward  the  center.  Through  the  operculum  can  be  seen  a  beaded  vestibular 
arch  very  similar  to  that  figured  by  Levinsen  (1909,  pi.  xxiii,  fig.  4e)  for 
R.  anguUUum.  In  young  cells  there  are  four  short,  stout  spines  about  the 
anterior  margin  of  the  orifice.  The  peristome  is  high  and  thick,  extending 
upward  and  forward  on  the  sides  into  thick,  lappet-like  processes,  usually  a 
little  unsymmetrical;  posteriorly  the  peristome  extends  upward  and  over 
the  orifice  in  the  form  of  a  broad  mucro,  though  sometimes  this  is  but  little 
developed. 

Small  avicularia,  sometimes  a  pair,  frequently  only  one,  are  placed 
posteriorly  not  far  from  the  margin,  with  the  triangular  beak  pointing 
laterally. 
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The  ooeda  are  globose,  raised,  smooth,  without  pores;  a  thin  extension 
of  the  peristome  runs  upon  the  top  and  fuses  with  the  outer  layer  of  the 
ovicell,  leaving  a  thinner  area  upon  the  front. 

One  small  colony  incrusting  a  shell  at  8  fathoms. 

Arborella,  new  gbnus. 

Zoarium  erect,  dichotomously  branched,  with  flexible  corneous  joints 
at  the  bifurcations.  Zoceda  arranged  in  pairs,  back  to  back,  each  pair 
facing  at  right  angles  to  the  preceding  pair  of  the  series,  giving  a  somewhat 
quadrangular  appearance.  Front  wall  porous,  but  without  special  en- 
larged pores.  Fertile  zooeda  shorter  than  the  infertile.  Orifice  with  a 
distinct  sinus.  Ovicell  external,  but  inserted  partly  under  the  front  of  the 
zocedum,  its  orifice  closed  by  the  zooedal  operculum.  Spines  and  avicu- 
laria  absent.  A  clear,  chitinous,  uncaldfied  ectocyst  covers  the  zooedum 
and  ovicell. 

The  relationships  of  this  genus  can  not  as  yet  be  stated  positively. 
The  general  appearance  of  the  colony  and  especially  the  character  of  the 
joints  and  the  membranous  ectocyst  seem  to  relate  it  to  Tubucellaria,  but 
the  character  of  the  ocedum  and  the  manner  of  origin  of  the  zooeda  at  the 
tips  of  the  branches,  together  with  the  absence  of  a  special  median  frontal 
pore,  distinctly  separate  it  from  this  genus.  It  may  be  necessary  to  erect 
a  new  family  to  accommodate  it.  Sectioned  material  will  be  studied  to 
determine  the  points  necessary  for  a  more  complete  understanding  of  the 
rdationships. 

Arborella  dichotoma  n.  sp.  (Figs.  1 3  to  15.) 

Zoarium  erect,  dichotomously  branching,  with  hinged,  flexible  joints  at 
the  points  of  bifurcation;  intemodes  consisting  of  8  to  1 8  pairs  of  zooeda, 
each  pair  set  slightly  in  advance  and  at  right  angles  to  the  preceding  pair 
of  the  series,  facing  in  four  directions.  Zocecia  broad  fusiform,  wedge- 
shaped  at  the  base  where  they  are  inserted  between  the  preceding  pair. 
The  front  wall  evenly  arched,  cryptocyst  well  calcified,  porous,  with  no 
spedalized,  larger  pores.  Ectocyst  uncaldfied  and  covering  the  calcareous 
wall  as  a  dear  layer.  The  orifice  is  evenly  rounded  in  front  and  on  the 
sides,  somewhat  straighter  on  the  posterior  margin,  with  a  broad,  shallow, 
but  very  evident  sinus.  The  operculum  is  compound,  well  chitinized,  with 
an  arched  rib  on  either  side,  extending  inward  and  upward  from  the  hinge 
dentide.  Avicularia  and  spines  are  wanting.  The  fertile  zooeda  are  some- 
what different  in  form  from  the  ordinary  ones,  bdng  shorter  and  somewhat 
broader,  and  the  ocedum  incloses  nearly  all  of  the  orifice.  The  ooedum  is 
rounded  in  outline,  large  and  prominent,  the  aperture  looking  upward  and 
dosed  by  the  zooedal  operculum.  The  ooedal  wall  is  porous  like  that  of 
the  zooedum  and  is  covered  by  the  dear  ectocyst. 

The  colony  was  evidently  broken  off  in  dredging  and  no  description  can 
be  given  of  the  base  or  the  mode  of  attachment. 
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One  colony  0.5  inch  high,  composed  of  24  intemodes,  taken  at  10  fathoms 
on  a  sponge  bed  between  Lx)ggerhead  and  Garden  Keys,  Tortugas. 


Fig.  13. — ArhordLa  dicholoma  n.  8p.    Portion  of  colony,  showing  mode  of  growth. 
Fig.  14. — ^The  aame,  showing  detuls. 
Fig.  i5> — ^The  same,  operculum. 

Genus  Tubucellaria  d'Orbigny,  1850-52. 
Tiibucellaria  cereoides  (Solander). 

SoLAMDBR,  1786,  p.  26  (Cellaria  cereoides). — ^Waters,  1907,  p.  129. — ^Leviksen,  1909, 
P-305- 

One  small  colony  about  an  inch  in  height  was  taken  at  a  depth  of  15 
fathoms.  This  species  has  not  before  been  taken  on  the  American  side  of 
the  Atlantic. 

Waters  makes  T.  opuniioides  Pallas  a  synonym  of  cereoides,  but  Levinsen 
believes  that  they  should  be  kept  separate.  This  difference  of  opinion, 
which  has  existed  since  the  discovery  of  the  form,  does  not  seem  likely  to 
reach  a  settlement  soon.  The  single  specimen  taken  by  me  at  the  Tortugas 
is  not  sufficient  to  decide  the  point.  It  agrees  closely  with  specimens  of 
cereoides  of  the  same  size  taken  at  Naples,  but  cereoides  has  hitherto  been 
limited  to  the  Mediterranean  by  those  who  separate  the  species,  while 
Atlantic  specimens  are  considered  to  be  opuniioides. 

Genus  Escharella  (part)  Gray,  1848. 
Escharella  cottifera  n.  sp.  (Fig.  16.) 

Zoceda  of  moderate  size,  rather  regularly  ovoid  in  form,  evenly  swollen, 
nearly  hyaline.    Around  the  margin  is  a  row  of  rather  large  pores,  between 
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Fig.  x6.— fiadtorrfla  totl^ira 
n.  8p.  Details  of  Croat 
wall,  mucro.  avkulariom, 
jointed  tpisieBt  vestibular 
arch  (in  uoper  figure), 
and  oviceli  (in  lower 
figure). 


which  rise  strong,  conspicuous  ribs  which  converge  regularly  toward  the 
central  portion  of  the  front  wall.  They  fade  out,  however,  before  they 
reach  it,  leaving  a  smooth  central  area  devoid  of  ribs.  The  orifice,  which^^is 
placed  far  forward,  is  rounded  in  front,  more  straight 
on  the  posterior  border,  and  the  hinge  denticles  are 
rather  conspicuous.  A  few  zooeda  seem  to  show  a 
slight  median  denticle,  but  I  can  not  be  certain  of 
this.  The  peristome,  which  b  very  thin,  rises  in  front 
and  on  the  sides  into  a  short  tube,  and  is  beset  with 
six  or  eight  long  spines  which  are  jointed  at  inter- 
vals. Posteriorly  the  peristome  rises  into  a  high, 
pointed  mucro  which  projects  forward  over  the  ori- 
fice. This  mucro  is  flat  and  thin,  with  a  strong  rib 
on  each  edge,  looking  as  though  it  originated  from 
two  spines  fusing  at  the  tip,  leaving  an  open  space 
between.  The  development  of  the  mucro,  however, 
shows  that  this  is  not  the  case.  The  thin  area  forming 
the  middle  of  the  mucro  is  rounded  below  and  pointed 
above  and  looks  as  though  it  were  meant  to  harbor 
an  avicularium,  but  no  such  structure  is  present. 

Avicularia  are  present  on  the  zooedum,  usually  situated  near  the  margin 
on  either  side  of  the  mucronate  process.  Occasionally  only  one  is  pres- 
ent. The  avicularium  is  comparatively  large,  the  mandible  long  triangular, 
projecting  sidewise  or  a  trifle  backward  and  pointing  strongly  upward. 
The  ooedum  is  rounded  in  outline,  prominent,  imperforate,  smooth  on  the 
upper  surface,  or  with  fine,  radiating  lines.  Around  the  margin  is  a  strong, 
raised  rib,  within  which  there  is  a  row  of  large  pores  with  strong  ribs  running 
upward  as  on  the  zooedal  wall.  The  anterior  pair  of  spines  is  inclosed 
within  the  oviceli. 

Two  small  colonies,  the  largest  scarcely  over  0.125  inch  across,  in- 
crusting  algae,  at  2  fathoms.  In  spite  of  the  small  size  nearly  every  cell  is 
adult,  with  a  complete  ooecium. 

I  am  a  little  uncertain  as  to  the  generic  position  of  this  species.  £5- 
charella  as  amended  by  Levinsen  (1909,  p.  315)  includes  only  forms  without 
avicularia.  In  spite  of  this  difference  the  species  seems  to  fit  better  into 
Escharella  than  into  any  related  genus.  The  absence  of  zooedal  and  ocedal 
pores,  except  the  marginal  ones,  the  well-developed  vestibular  arch,  the  very 
thin  operculum,  the  character  of  the  orifice  and  peristome,  and  the  nature  of 
the  jointed  spines,  seem  to  locate  the  spedes  in  Escharella.  In  many  respects 
it  resembles  E.  diaphana  MacGillivray,  as  figured  by  Levinsen  (1.  c), 
except  for  the  presence  of  the  avicularia  and  the  strong  development  of  the 
ribs,  which  are  wanting  in  diaphana. 
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Genus  Schizoporella  Hincks,  1880. 

Schizoporella  unicornis  (Johnston). 

Johnston,  1847,  p.  320  (LepraUa  unicornis). — Dbsor,  1848,  p.  66  (Lepralia  vari' 
olosa), — ^LEroY,  1855,  p.  10  {Esckarina  variabUis).—SunT,  1873,  p.  44  (Hip- 
potkoa  isaheUeana).—\'EBSiLL  and  Smith,  1873,  P*  7i3  (Escharelia  vari" 
abUis). — ^Verrill,  1875&,  p.  41  (Hippothoa  variabUis);  ibid.,  p.  41,  pi.  m, 
fig.  I  (Hippolhoa  reversal  n.  sp.);  1878,  p. 
and  1880,  p.  30 
£.  ansata  Gray;;  i 

p.  323.— OSBURN,  i9I2,'p.'236. 

Abundant  from  low  water  to  10  fathoms,  in  the  drift  and  growing 
profusely  on  the  piles  of  docks,  incrusting  shells,  and  coral  rockb,  and  rising 
into  branched,  finger-like  processes  about  worm-tubes  and  the  stems  of 
hydroids,  or  occasionally  growing  free.  Masses  nearly  as  large  as  a  man's 
head  were  dredged.  The  color  varies  from  white  or  pale  pink  or  purple  in 
young,  rapidly  growing  colonies,  to  a  dark  purplish  red  or  sometimes  nearly 
black.  Q>lonies  1.5  inches  in  diameter  were  found  incrusting  the  bottom 
of  a  skiff  that  had  been  in  the  water  only  from  May  i  to  June  23. 

Smitt  recorded  the  incrusting  form  "growing  in  a  single  layer  of  whitish 
and  yellowish  hue  on  OcuUna  and  NulUpora  at  the  depth  of  42  fathoms," 
and,  "a  more  compound  colony,  composed  of  several  concentric  layers  of  a 
purplish-blue  tint,  around  an  axis  of  foreign  matter,"  at  a  depth  of  17 
fathoms. 

Schizoporella  floridana  n.  sp.  (Figs.  I  7  and  16.) 

Primary  characters  of  the  zooecium  much  like  those  of  5.  unicornis 
(Johnston)  but  with  a  slightly  more  Y-shaped  sinus;  avicularia  situated  far 
forward,  often  in  advance  of  the  middle  of  the  orifice,  and  with  the  mandible 
usually  strongly  curved  toward  the  zooedal  axis;  large  vicarious  avicularia 
with  long-pointed,  straight  mandibles  on  hemispherical  cells  raised  high 
above  the  surface  of  the  colony. 

The  naked-eye  appearance  of  the  colonies  is  very  similar  to  that  of 
5.  unicornis  (Johnston)  and  the  general  characters  of  the  zooeda  are  not 
very  different  from  that  species.  It  does  differ  remarkably,  however,  in 
the  presence  of  the  large,  vicarious  avicularia,  which  are  sometimes  very 
abundant.  These  are  raised  high  above  the  surface  of  the  colony  as  rounded, 
knob-like  prominences;  the  mandibles,  while  broad  at  the  base,  are  very 
much  narrowed  and  elongated  distally.  These  are  turned  in  all  directions 
on  the  colony  without  any  apparent  arrangement.  Schizoporella  ampla 
Kirkpatrick,  from  Mauritius,  and  5.  viridis  Thomley,  from  the  Red  and 
Mediterranean  Seas,  also  have  vicarious  avicularia. 

The  ordinary  avicularia  are  situated  at  the  side  of  the  orifice  and  the 
mandibles  are  curved  toward  the  axis  of  the  zooecium  so  as  to  nearly  con- 
form to  the  curve  of  the  margin  of  the  orifice.  There  is  much  variation  in 
this  avicularium  and  the  mandible  is  occasionally  straight  instead  of  curved, 
and  it  may  be  directed  backward  or  sideways.  It  is  usually  situated  well 
forward  near  the  anterior  border  of  the  orifice,  but  may  be  placed  farther 
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back,  occasionally  behind  the  orifice.  The  zooeda  are  swollen  about  as  in 
unicornis,  the  punctures  are  similar  to  that  species,  and  the  form  of  the 
orifice  (with  the  sinus)  might  readily  pass  for  that  species.  No  oral  spines 
have  been  observed.  In  the  very  young  stage  a  low,  raised  margin  separates 
the  cells,  but  this  is  soon  obscured  by  the  secondary  calcification.  An 
umbo  is  developed  below  the  orifice,  apparently  only  by  secondary  calci- 
fication. In  young  colonies,  where  the  vicarious  avicularia  are  not  yet 
developed,  this  species  may  readily  be  mistaken  for  5.  unicornis,  but  the 
more  anterior  position  and  the  curved  form  of  the  avicularia  will  serve  to 
distinguish  it  even  in  this  condition. 

The  ocedum  differs  from  that  of  any  Schizopordla  with  which  I  am 
acquainted.  It  is  comparatively  small,  very  short  (about  two-thirds  as 
long  as  wide),  very  high  and  prominent,  smooth,  and  imperforate. 

This  well-marked  species,  which  appears  to  be  undescribed,  was  dredged 
in  15  to  18  fathoms,  incrusting  shells  and  hard  sponges,  and,  in  one  case, 
forming  an  erect  nodular  growth  nearly  an  inch  in  height  and  about  half 
an  inch  in  diameter  around  some  foreign  matter  as  a  center.  The  color 
ranges  from  pure  white  to  dark  purplish-red. 


Pig.  ijd — SchiMoportOc  floridana  n.  sp.    Details  of  young  xocedum. 

FIG.  x8d — The  nine.    Highly  caldfied  condition,  showing  ovlcells  and  the  long,  independent  aviculana 
mounted  on  large,  swoikn  cells. 

Schizoporella  sanguinea  (Norman). 

Norman,  1868,  p.  222  (Hemeschara  sanguinea), — ^Jellt,  1889,  p.  233,  synonymy. 
Taken  at  15  fathoms  on  a  Vermetus  shell;  one  colony  with  ovicells. 
Reported  by  Smitt  from  Pourtales's  collections  at  60  fathoms,  southwest 
of  Tortugas. 
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Schizoporella  biaperta    (Michelin). 

MiCHBUN,  1841-^,  p.  3?o  {Eschara  biaperta), —Sum,  1873,  P*  4^  {Hippothoa  biaperta) 
and  p.  47  (Htppothoa  divergens  n.  sp.). — ^Vbrmll,  18756,  p.  41  (Hippothoa 


biaperta);  1878,  p.  305,  18796,  p.  30,  and  1880,  p.  193  {Eschanna  biaptiia). — 
HiNCKS,  1880,  p.  258  (5.  biaperta  van  divergens), — Norman,  1909,  p.  303 
(5.  biaperta  var.  dwergens). — ^Lbvinsbn,  1909,  p.  323  (discusses  and  amends 
genus).— OsBURN,  1912,  p.  237. 

A  few  colonies  of  this  species  were  taken  at  various  depths  from  low 
water  to  22  fathoms.  The  appearance  is  characteristic  and  the  specimens 
compare  very  well  with  those  from  the  Woods  Hole  r^on,  but  never  reach 
such  a  luxuriant  development. 

Recorded  by  Smitt  (under  Hippothoa  biaperta)  from  9  to  60  fathoms, 
and  (under  H.  divergens  new  species)  from  135  fathoms  "forma  typica'* 
and  120  fathoms  ''forma  laxa'' 

Smitt's  "H.  divergens''  has  been  ranked  by  Hincks  and  Norman  as  a 
variety  of  biaperta,  and  recorded  by  them  from  the  British  Isles  and  Madeira. 
All  specimens  examined  by  the  writer  belong  to  the  typical  biaperta. 

Schizoporella  spongites  (Pallas). 


Pallas,  1766,  p.  45  {Eschara  spongites), — ^Smttt,  1873,  p.  4^  {Hippothoa  spongites),- 
VBRsnx,  1900,  p.  592  {Hippothoa  or  Schi 
1909,  p.  324  (full  discussion  of  the  species). 


/BRsnx,  1900,  p.  592  {Hippothoa  or  Schizoporella  spongites), — ^Lbvinsbn, 


One  of  the  most  characteristic  species  of  the  region;  abundant  from  low 
water  to  18  fathoms;  incrusting  shells,  coral,  rocks,  and  growing  on  the 
surface  of  harder  sponges;  also  on  piles.  The  very  large  ooeda  serve  to 
distinguish  this  species  at  a  glance  from  any  related  forms.  In  life  the  color 
varies  from  translucent  white  or  yellow  to  bright  brick-red. 

Recorded  by  Smitt  from  Pourtales's  collections  from  13  to  35  fathoms 
and  by  Verrill  (L  c.)  from  Bermuda.  Levinsen  (1.  c.)  records  it  from 
St.  Thomas  and  St.  John,  West  Indies,  and  from  Malacca  (with  some 
differences). 

Genus  Escharina  (part)  Milne-Edwards,  1838. 

Eschanna  pesanteris  (Smitt). 

SiOTT,  1873,  P-  4^  {Hippothoa  pes  anseris).— Jelly,  1889,  p.  141  {MasHgophora  dmter- 
irei  var.  pesanseris). •—'Watbrs,  1909,  p.  169  {Schitopordla  pesanseris). — 
NoRMANj  1909,  p.  302. — ^LBvmsBN,  1909,  p.  326  (discusses  genus,  amended, 
and  speaes  fully). 

One  small  dead  specimen,  composed  of  about  a  dozen  zooeda,  was  taken 
at  a  depth  of  8  fathoms.  The  vibracula  characteristic  of  the  species  were 
broken  off.    Ooeda  present. 

Smitt  described  this  spedes  from  "two  small  colonies  growing  on  a 
NuUipora^  west  of  Tortugas"  at  42  fathoms.  It  occurs  also  at  Madeira 
in  70  fathoms  (Norman),  the  Island  of  Mauritius  (Kirkpatrick),  the  Red 
Sea  (Waters),  and  Siam  (Levinsen). 
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Genus  Microporella.  (part)  Hincks,  1877. 

Microporella  ciliata  (Pallas)* 

Pallas,  1766,  p.  38  (Eschara  o^toto).— Siott,  1873,  P*  26  {PoreUina  cOiata), ^Fackaxd, 
1867,  p.  270  (Lepralia  ciliata). — ^Vbrkill,  18706,  p.  20  {PordUna  ciliata); 
1875c,  p.  53;  1880,  p.  190,  and  1879,  p.  29  (PoreUina staiata  for  a  form  of  this 
8pecies).---OsBURN,  1912,  p.  233  (M.  ciliata),  and  p.  234  (the  variety  steUata 
Venill). — ^Levinsbn,  1909,  p.  328  (discusses  genus). 

From  5  to  18  fathoms  on  shells,  corals,  etc.  One  fine  colony  growing 
on  an  egg  case  of  a  large  moUusk.  Smitt  records  it  at  various  depths  from 
7  to  60  fathoms.  It  is  one  of  the  most  widely  distributed  of  all  bryozoa 
and  occurs  in  all  oceans. 

Levinsen  (1.  c.)  places  this  genus  in  family  Escharellidse. 

Genus  Smittina  Norman,  1903. 
Smittina  trispinosa  (Johnslon)* 

Johnston,  1838,  p.  280  (Lepralia  trispinosa). — Dawson,  1859,  p.  256  (Lepralia 
trispinosa), — ^Packard,  1867,  p.  67  (Lepralia  trispinosa).— Start,  1873, 
p.  59  (EscharellajacoUni),  and  p.  60  (E,  spaihulata). — ^Veksox,  1879&,  p.  31; 
1880,  p.  195  (MucroneUa  jacotim);  1875a,  p.  514,  1878,  p.  305,  and  1879&, 
p.  30  (Discopora  nilida). — ^Whitbaves,  1901,  p.  106  (Smittta  trispinosa). — 
Norman,  1903,  p.  120  (StnitUtM  nom.  nov.  for  StniUia  preoccupied  in  Dip- 
tera). — Osburn,  1912,  p.  246  (StnitHa  trispinosa). 

One  of  the  most  abundant  and  characteristic  species  in  the  Tortugas 
region  from  low  water  to  12  fathoms.  A  cosmopolitan  species  and  dis- 
tributed all  along  the  Atlantic  coast  northward  to  the  Arctic  r^on.  Smitt 
recorded  it  from  13  to  44  fathoms  in  Florida  waters. 

Smitt  states  (p.  60)  "For  the  peculiarity  of  the  development  of  the 
avicularia,  the  Floridan  form,  as  a  distinct  variety,  I  propose  to  be  named 
Escharella  spaihulata.*'  But  variation  in  the  secondary  characters  of  this 
species  here  as  in  many  other  r^ons  occurs  to  a  bewildering  extent.  The 
typical  form  with  the  large,  pointed  avicularia,  common  in  northern  waters, 
is  rare,  but  these  are  occasionally  observed.  One  beautiful  colony  growing 
on  the  under  side  of  Cupularia  guiniensis  at  10  fathoms  is  an  almost  pure 
example  of  Smitt's  spaihulata.  Even  the  smaller,  triangular  avicularia 
figured  by  Smitt  (pi.  x,  fig.  200)  are  not  represented,  but  in  a  few  cases 
very  elongated  pointed  avicularia  occupy  the  place  of  the  long-spatulate 
form  figured  by  Smitt.  Another  colony  found  in  the  drift  is  more  like 
Verriirs  niUda  in  the  character  of  the  avicularia,  which  are  small,  short- 
pointed,  and  short  oval  in  form,  very  much  like  specimens  from  the  southern 
New  England  coast.  In  a  few  cases  very  large  spatulate  a^dcularia,  as  long 
as  the  whole  zooedum,  were  observed.  In  one  colony  short-triangular  avicu- 
laria were  rather  regularly  disposed  in  pairs  below  the  orifice  with  the  man- 
dibles pointing  outward.  Occasionally  the  avicularia  are  almost  wanting 
from  a  colony,  a  condition  seen  in  many  New  England  specimens  that  bear 
evidence  of  very  rapid  growth  in  a  single  layer. 

The  ooeda  vary  much  with  the  state  of  calcification.  In  younger  stages 
they  are  coarsely  and  sometimes  very  irregularly  punctured.  This  layer 
may  be  entirely  covered  by  secondary  calcification,  when  the  ooeda  present 
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a  smooth,  shining  appearance  or  are  variously  roughened.  The  secondary 
layer  usually  grows  irregularly  over  the  primary  layer,  but  in  some  cases  it 
forms  a  rather  regular  raised  border  with  a  rounded  area  of  the  primary 
layer  exposed  on  the  top. 

This  form  resembles  closely  the  variety  protecta  Thomely,  as  figured  by 
Waters  (1909,  pi.  17,  fig.  5),  but  the  large  avicularia  are  evenly  rounded  at 
the  tip  instead  of  being  divided  into  points.  The  peristome  also  varies 
greatly.  In  some  cases  it  is  scarcely  raised;  in  others  it  takes  the  form  of  a 
tall,  broad,  median  projection,  often  forked  at  the  tip  and  projecting  so  far 
over  the  orifice  as  to  nearly  obscure  it  from  above.  All  sorts  of  intermediate 
conditions  are  observed.  The  peristome  also  occasionally  shows  raised 
lappet-like  projections  at  the  side  of  the  orifice,  as  seen  commonly  in  speci- 
mens from  Massachusetts  (Osburn,  1912,  pi.  xxvii,  fig.  65a,  66).  In  spite 
of  all  these  variations  in  secondary  characters  there  is  a  remarkable  con- 
stancy in  the  primary  orifice,  denticle,  oral  spines,  and  the  primary  zooedal 
walls. 

Another  variation,  and  one  which  I  am  at  a  loss  to  explain,  is  this: 
Some  colonies  consist  of  zooeda,  the  secondary  characters  of  which  are  all 
of  one  type  or  with  little  variation,  while  other  colonies  will  show  not  only 
zocecia  representing  two  or  more  of  the  so-called  varieties,  but  all  sorts  of 
intergradations  as  well. 

Genus  Lepralia  (part)  Johnston,  1847. 

Lepralia  audouinii  (d*Orbigny). 

D'Orbicny,  1850-2,  p.  401  {CeUepora  audouinii),— Smm,  1873,  P-  5^  {EschareUa 
audouinii). 

This  species,  which  is  known  from  the  Red  and  Mediterranean  Seas, 
occurs  at  the  Tortugas  from  low  water  to  10  fathoms.  Colonies  taken  from 
the  bottom  of  a  skiff  which  had  been  in  the  water  from  May  i  to  June  23 
were  an  inch  in  diameter,  with  ooeda  containing  embryos.  In  life  the 
colonies  are  translucent  white,  but  the  ooeda  often  appear  light  pink  when 
embryos  are  present. 

Smitt's  record  was  based  on  a  single  colony  growing  on  a  nuUipore  at  37 
fathoms,  west  of  Tortugas. 

Lepralia  porcellana  Busk. 

Busk,  i860,  p.  283,  pi.  31,  fig.  3. — ^Smitt,  1873,  p.  62  (Lepralia  cleidostoma), — Norman, 
1909.  P-  305.  synonymy. 

Taken  at  5  to  15  fathoms  on  shells  and  on  other  bryozoa,  such  as  Steg- 
anoporeUa  magnilabris  and  Holoporella  turrita.  The  key-hole  form  of  the 
orifice,  the  pointed  avicularia  with  elongate  mandibles,  and  the  absence  of 
pores  except  occasional  ones  at  the  margin  serve  to  distinguish  the  spedes 
readily.  Ooeda  present.  In  one  case  there  is  a  vicarious  avicularium,  some- 
what larger  than  the  usual  type,  mounted  on  a  smooth,  swollen  chamber. 
A  low,  smooth,  umbonate  process  is  sometimes  present  below  the  orifice. 
^y       Recorded  by  Smitt  from  Pourtales's  collections  from  30  to  120  fathoms. 
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Lepralia  uvulifera  n.  sp.  (Figs.  19  and  20.) 

Zooeda  small,  the  surface  shining  and  covered  by  small,  smooth  knobs. 
Pores  are  wanting  except  for  3  to  5  large,  marginal  pores.  Usually  these 
are  placed  as  follows:  One  on  either  side  near  the  orifice,  one  on  either  side 
about  half-way  back,  and  a  single  pore  at  the  posterior  end.  The  orifice 
is  slightly  broader  than  long,  evenly  rounded  anteriorly,  nearly  straight 
on  the  posterior  border,  hinge  teeth  scarcely  noticeable.  Peristome  slightly 
raised  anteriorly  and  beset  with  about  six  slender  spines.  Posteriorly  the 
peristome  rises  into  a  strong,  mucronate  process,  which  in  complete  cald* 


Fig.  x9w — lAproUa  tmUfftra,  n.  «p. 

Pig.  90. — ^The  Hune.    Fortion  of  colony  showing  at  the  right 
the  orifice  of  a  young  sooedum. 

fication  is  divided  at  the  tip  into  three  sharp  spines.  A  small  avicularium 
is  present  on  one  zooecium,  situated  somewhat  behind  the  orifice  near  the 
lateral  border,  with  the  pointed  mandible  pointing  backward  and  outward. 
The  ooedum  is  comparatively  large,  heavily  calcified,  and  covered  with 
knobs  like  those  of  the  zooecium;  a  high  umbonate  process  rises  on  the  top, 
and  there  is  a  single  large  pore  on  either  side  of  the  ooedostome  near  the 
base;  the  ooedal  orifice  is  wide  and  high,  with  a  calcified  projection  extending 
nearly  vertically  downward  into  the  orifice  and  bearing  a  close  resemblance 
to  the  uvula  of  the  human  palate,  except  that  it  is  a  little  more  truncate  at 
the  tip. 

One  small  colony  of  perhaps  three  dozen  zoceda  incrusting  the  under 
side  of  a  Cupularia  guiniensis  at  10  fathoms. 

This  species  is  certainly  closely  related  to  L.  watersi  Calvet  (1906,  p. 
412,  pi.  XXVII,  fig.  11)  from  the  Cape  Verde  Islands,  but  it  differs  in  having 
the  umbo  strongly  trifid  instead  of  merely  pointed ;  in  the  more  open  form 
of  the  ovicell,  which  partially  incloses  the  anterior  part  of  the  peristome,, 
instead  of  being  placed  in  front  of  it  as  in  L.  watersi;  and  also  in  lacking 
the  complete  lower  border  of  the  ooedostome  shown  in  the  figure  of  L.  watersi, 
Calvet's  figure  also  shows  the  oral  spines  situated  slightly  outside  of  the 
oral  border,  while  in  uvulifera  the  spines  are  on  the  border. 


Digitized  by 


Google 


The  Bryozoa  of  the  Tortugas  Islands,  Florida.  211 

L^ralia  cncuUata  BusL 

Busk,  1854,  p.  81. — ^Waters,  1909,  p.  150,  synonymy  and  references. — ^Jullibn  et 
Calvst,  1903,  p.  141  {SchizopareUa  cucvUaki). 

Common  in  shallow  water  at  the  Tortugas.  In  life  the  color  of  the 
colony  is  dark  brownish-purple,  sometimes  almost  black,  and  the  polypides 
in  the  young  zooeda  at  the  edge  of  the  colony  have  a  fine  carmine  color. 
A  number  of  colonies  more  than  an  inch  in  diameter  were  found  on  the 
bottom  of  a  skiff  that  had  been  in  the  water  only  from  May  i  to  June  23. 

The  generic  position  of  this  well-known  species  is  very  unsettled.  A 
majority  of  authors  have  agreed  in  placing  it  in  LepraUa,  others  in  SmiUia, 
and  still  others  in  SchizoporeUa.  The  reason  for  this  difference  of  opinion 
lies  in  the  general  simplicity  of  the  zooeda,  which  lack  characters  usually 
considered  as  diagnostic.  The  form  of  the  orifice  is  somewhat  intermediate 
between  that  of  LepraUa  and  SchizoporeUa.  There  is  a  very  shallow  curve 
on  the  posterior  border,  which  may  be  interpreted  as  a  sinus,  as  Calvet  has 
done  (1.  c),  or  as  merely  the  space  between  the  hinge  denticles.  In  the 
absence  of  any  means  of  settling  the  controversy,  I  place  the  species  tenta- 
tively  in  LepraUa^  in  which  genus  it  was  described  by  Busk. 

Distribution:  Mediterranean,  Red,  and  Arabian  Seas;  Azores  Islands; 
Cape  Verde  Islands;  South  Africa,  and  Cape  St.  Lucas,  Lx)wer  California. 
Not  before  noted  on  the  Atlantic  side  of  America. 
Lepralia  rostrigera  (Smitt). 

SmTT,  1873,  p.  57  {EsckareUa  rosirtgerai^—VJ ATEJiS,  1885,  p.  298;  1887,  p.  61.— Jelly, 
1889,  p.  126  (under  L,  depressa). 

The  Escharella  rosirigera  of  Smitt  has  been  made  a  synonym  of  L. 
depressa  Busk  by  Miss  Jelly  (1.  c),  but  in  the  opinion  of  the  writer  it  repre- 
sents a  distinct  species.  Smitt  recognized  a  relationship  between  the 
species,  but  indicated  that  the  differences  are  constant.  The  study  of 
material  taken  by  me  at  the  Tortugas  confirms  this  view.  The  form  of  the 
zooecial  aperture  is  quite  different,  being  well  rounded  at  the  posterior  mar- 
gin, as  figured  by  Smitt,  and  there  is  never  more  than  a  faint  indication 
of  a  constriction  of  the  sides.  The  avicularia  are  characteristically  placed 
far  forward,  alongside  of  the  anterior  part  of  the  orifice,  or  frequently 
entirely  in  front  of  it.  Busk's  figure  of  L.  depressa  (i  854,  pi.  91 ,  figs.  3  and  4) 
shows  no  indication  of  pores.  In  rosirigera  there  are  numerous  small  pores 
in  the  frontal  wall  in  younger  stages,  and  large,  marginal  pores  are  present 
in  all  stages.  The  larger  zoceda  with  the  broad  aperture  described  and 
figured  by  Smitt  (pi.  x,  fig.  205)  are  occasionally  present  in  my  specimens. 
Smitt's  specimens  were  taken  by  Pourtales  in  35  and  43  fathoms.  Mine 
were  taken  at  10  and  15  fathoms  on  coral  and  shells.  A  fine  colony  at  10 
fathoms  incrusted  the  base  of  a  living  Cladocora  arbuscula, 
Lepralia  contracta  Waters  var.  senrata  Osbum. 

Waters,  1899,  p.  11. — Norman,  1909,  p.  306.— Osburn,  1912,  p.  242  (Lepralia 
serrata). 

Several  colonies  incrusting  shells  at  5  to  18  fathoms.    This  variety  was 
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described  by  me  as  LepraUa  serrata  n.  sp.,  from  the  Woods  Hole  region 
(1912,  p.  242,  pi.  26,  fig.  57). 

After  a  careful  study  of  the  Florida  specimens  I  am  of  the  opinion  that 
this  can  be  only  a  variety  of  L.  cotUracta  Waters,  described  from  Madeira 
(1899,  p.  11).  Waters's  description  is  brief  and  his  figures  small,  but 
Norman  (1.  c,  pi.  41 ,  fig.  56)  has  refigured  the  species.  The  di£ferences  seem 
to  be  largely  in  the  secondary  calcification,  which  appears  to  be  much  greater 
in  American  specimens;  also  there  are  six  oral  spines  in  Madeira  specimens, 
while  usually  only  four  are  to  be  observed  in  American  material.  The 
avicularia  in  Florida  specimens  are  much  more  abundantly  developed  and  are 
frequently  raised  high  above  the  front  of  the  zooedum  on  small  mammillary 
processes.  Also,  the  lateral  oral  denticles  are  much  more  prominent  than 
they  appear  in  the  figures  of  Madeira  specimens  and  are  strongly  bifid; 
however,  Norman  figures  one  such  bifid  denticle.  In  one  of  my  speci- 
mens the  spatulate  avicularia  are  extremely  elongated,  fully  as  long  as  the 
zocecium,  and,  while  usually  directed  forward,  are  sometimes  reversed  in 
position.  The  zooecial  wall  appears  to  be  much  more  thickened  than  in  the 
Madeira  specimens,  to  judge  by  the  figures  of  Waters  and  Norman.  Not- 
withstanding these  diflferences  I  believe  they  are  closely  related.  The  form 
of  the  ooecium  with  the  peculiar  membranous  area  and  the  serrated  char- 
acter of  the  primary  zocedal  orifice  are  identical  and  are  so  unique  that  I 
believe  them  to  indicate  the  same  species.  Specimens  from  southern  New 
England  are  much  more  highly  calcified  than  Florida  specimens,  which 
seem  in  some  respects  to  be  intermediate  between  those  from  New  England 
and  Madeira. 

Lepralia  edaz  (Busk). 

Busk,  1859,  p.  m  (Cdlepara  edax),SuiTT,  1873,  p.  63  (£.  edax  forma  typica  and 
calcarea). — Hincks,  1880,  p.  311. — ^Vbrrill,  1909,  p.  54. 

One  colony  taken  at  18  fathoms,  forming  a  cylindrical  mass  more  than 
0.25  inch  in  diameter  and  many  layers  in  thickness,  which  originally  sur- 
rounded a  branched  structure  of  some  sort,  and  one  colony  taken  at  8 
fathoms  incrusting  a  shell  fragment.  Smitt's  figures  and  description  of 
this  species  are  very  complete.  I  have  compared  these  specimens  with  one 
from  the  English  Channel  sent  me  by  Dr.  S.  F.  Harmer.  English  speci- 
mens are  said  to  be  found  only  on  certain  species  of  gastropod  shells.  While 
Florida  specimens  have  not  been  taken  in  such  situations,  I  can  distinguish 
no  diflferences  of  any  importance.  My  Tortugas  specimens  belong  to  what 
Smitt  calls  the  forma  calcarea,  but  it  can  scarcely  be  considered  a  distinct 
variety. 

The  large,  pointed,  vicarious  avicularia  described  and  figured  by  Smitt 
are  abundantly  distributed  over  the  colony.  The  ovicell  has  a  peculiar 
membranous  area  on  the  upper  surface,  a  feature  also  possessed  by  L. 
contracta  Waters,  though  in  the  latter  species  this  area  is  much  nearer  the 
zooecial  aperture. 
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Smitt  records  the  species  from  Pourtales's  collections  from  49  to  79 
fathoms.    Verrill  records  it  for  the  Bermudas  in  shallow  water. 

L^ralia  janthina  (Smitt). 

Smitt,  1873,  P-  ^3  (Lepralia  edax  forma  janlkina). 

This,  I  believe,  must  be  separated  from  edax  as  a  distinct  species.  The 
form  of  the  orifice,  a  character  to  which  Smitt  gave  undue  importance,  is 
similar,  but  in  janthina  the  orifice  is  not  only  much  larger,  but  relatively 
wider  and  shorter,  with  less  space  behind  the  hinge  denticles.  The  avicu- 
laria  are  all  pointed  and  are  situated  on  a  prominence  behind  the  orifice  with 
the  mandible  turned  forward  and  frequently  slightly  outward.  There  are 
no  vicarious  avicularia.  The  color  is  a  deep  blue-black  or  violet,  entirely 
different  from  any  specimens  of  L.  edax  I  have  seen.  The  zooecia  are  consid- 
erably larger  than  those  of  L.  edax.    Ovicells  are  wanting. 

One  colony  0.25  inch  in  diameter  taken  at  6  fathoms  incrusting  a  shell. 
Smitt  records  one  specimen  from  13  fathoms  on  coral. 

The  Cdlepora  janthina  of  Waters  (1899,  p.  14)  from  Madeira  can  not 
be  the  L.  edax  var.  janthina  of  Smitt,  as  Norman  (1909,  p.  311)  points  out 
in  renaming  Waters's  species  C.  rotundora. 

Genus  Phylactella  Hincks,  1880. 
Phylactella  labrosa  (Busk). 

Busk,  1854,  p.  92  {LeprdUa  labrosa).—jEU.Y,  1889,  p.  204. — ^Norman,  1909,  p.  308. 

Dredged  at  22  fathoms  on  shells  and  hard  sponges.  Ovicells  are  lacking. 
There  is  no  median  denticle  on  the  proximal  margin  of  the  orifice,  nor  are 
the  zoceda  disposed  in  radiating  lines,  but  form  a  solid  crust.  However, 
Norman  (1.  c.)  has  shown  that  both  of  these  characters  are  variable. 

Phylactella  coUaris  (Norman)  var.  aviculifera  nov.   (Fig.  21.) 

NosMAN,  1866,  p.  204  (LepraUa  coUaris);  1909,  p.  309.— Jelly,  1889,  p.  203.— Robert* 
SON,  1908,  p.  307. 

This  species  has  not  heretofore  been  recorded  from  the  Atlantic  side  of 
North  America,  though  Miss  Robertson  records  it  from  southern  Cali- 
fornia, and  it  is  found  on  the  Euro- 
pean side  of  the  Atlantic  Ocean  as 
far  south  as  the  Madeira  Islands. 

At  the  Tortugas,  growing  on 
shells  at  from  i  to  15  fathoms, 
occurs  the  variety  which  I  have 
here  called  aviculifera.  In  all  re- 
spects this  appears  to  agree  fully    ^^  2i.^PkylacUUa  coUoHs  (Norman)  oPicnW^a.  var. 

with  p.  coUaris,  except  that  there        XiuiJf?*'^  '*'^^'^°    *^*  *^  '"'"'^  ^"^"^ 
is  a  rather  large  avicularium  situ- 
ated within  the  collar  immediately  below  the  orifice,  with  a  triangular 
mandible  pointing  upward,  or  very  rarely  sidewise.    This  appears  on  every 
zocedum  of  the  colonies  studied.    Norman  has  described  a  rounded  avicu- 
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larium  on  the  lower  lip  of  occasional  zoceda  of  L.  labrosa  from  Madeira 
(1909,  p.  309). 

Genus  Cellepora  Linn^,  1767. 

Cellepora  dichotoma  Hincks. 

HiNCKS,  1862,  p.  304.— SiaxT,  1873,  p.  53,  pi.  IX,  fig.  is;3'-i98  (C.  avicularis). —Jelly, 
1889,  p.  51,  gives  synonymy  and  also,  p.  46,  includes  Smitt's  references  in 
C.  amcularis  Hincks. — (?)  VBRsnx,  1878,  p.  305  (C.  avicularis);  (?)  1901,  p. 
54  (C  amcularis). 

Two  well-developed  specimens,  0.5  inch  or  more  in  height,  taken  at  a 
depth  of  10  fathoms;  one  was  attached  to  a  hydroid  stem.  There  can  be 
no  doubt  that  these  specimens  belong  to  C.  dichotoma  instead  of  C  amcularis^ 
as  I  have  compared  them  with  authenticated  material  from  England. 
Smitt's  figures,  which  he  refers  to  C  avicularis^  undoubtedly  are  C.  dicho- 
toma, as  Hincks  (1880,  p.  404)  has  already  pointed  out.  Smitt  indicates 
the  bathymetrical  distribution  as  from  9  to  ill  fathoms. 

Verriirs  records  for  C.  avicularis  at  Fort  Macon,  North  Carolina  (1878), 
and  Bermuda  (1901)  in  all  probability  apply  to  dichotoma^  though  it  is 
possible  that  the  former  should  be  C.  americana  Osbum  (1912,  p.  238), 
which  Verrill  at  another  time  (1879B)  listed  as  avicularis.  C.  americana  and 
C.  dichotoma  have  been  taken  at  Beaufort,  North  Carolina,  by  the  writer. 

Cellepora  vermctdata  Smitt 

Smttt,  1873,  P*  50. — Busk,  1884,  p.  150  (Escharaides  verruculata).— Jelly,  1889, 
p.  60. — Calvet,  1906,  p.  444. 

A  number  of  colonies  taken  on  shells  and  in  similar  situations  from  low 
water  to  15  fathoms.  Smitt  described  the  species  from  a  single  specimen 
taken  by  Pourtales  west  of  the  Tortugas  in  42  fathoms.  Recorded  by  Busk 
<L  c.)  off  Heard  Island  at  75  fathoms,  and  by  Calvet  (1.  c.)  for  the  Mediter- 
ranean Sea,  "Naples,  c6tes  de  Corse,  Cette." 

The  zooeda  undergo  a  remarkable  change  in  appearance  with  advancing 
calcification. 

Genus  Lagenipora  Hincks,  1877. 

Lagenipora  ignota  Norman. 

Norman,  1909,  p.  309,  pi.  42,  figs.  10-13. 

A  colony  taken  at  Tortugas  in  12  fathoms  on  a  dead  colony  of  MucroneUa 
bisinuata  and  another  at  10  fathoms  on  a  Vermetus  shell  seem  to  be  identical 
with  Norman's  species.  They  differ  in  not  rising  into  rounded  branches, 
but  the  small  size  of  the  colonies  easily  accounts  for  this.  The  character  of 
the  zocecium,  with  the  pair  of  oral  avicularia,  is  identical,  and  the  ooeda 
also.  The  large  spatulate  avicularia,  said  by  Norman  to  be  present  in 
extraordinary  numbers,  are  but  sparsely  represented. 

Hitherto  known  only  from  the  Madeira  Islands,  where  it  was  taken  at 
70  fathoms  (Norman). 


Digitized  by 


Google 


The  Bryosoa  of  the  Tartugas  Islands,  Florida.  215 

Genus  Holoporella  Waters,  1909. 

Holoporella  albirotbrb  (Smitl).  •     .     , 

SmTT,  1873,  p.  70  (Discopora  albirostris). — ^BusK,  1881,  p.  346  (CeUepora  albirosiris). — 
JELLY,  1889,  p.  45  (references  under  CeUepora  aliirostris).—WATEMS,  188X, 
p.  304;  1887,  p.  68  (CeUepora  aUnrostris);  1909,  pp.  159-161  (Holoporma 
gen.  nov.). 

This  spedes,  which  is  very  characteristic  of  the  r^on,  occurs  in  abun- 
dance from  low  water  to  15  fathoms.  It  grows  on  coral-rocks,  corals,  shells, 
and  on  the  firmer  sponges.  Recorded  by  Smitt  from  Florida  waters  in  25 
to  35  fathoms.  It  is  readily  distinguished  from  other  species  of  this  region 
by  the  presence  of  a  towering,  pointed  white  spine  situated  at  one  side 
of  the  proximal  margin  of  the  orifice.  Except  in  the  youngest  stages  the 
colony  has  a  dark  grayish  or  blackish  color,  against  which  the  white  spines 
stand  out  in  sharp  contrast.  A  very  small  avicularium  is  situated  at  the 
base  of  the  spine,  large  spatulate  avicularia  are  distributed  over  the  colony, 
and  vestigial,  minute  avicularia  are  occasionally  present  at  the  side  of  the 
orifice. 

Waters  in  1909  (1.  c.)  established  the  genus  Holoporella  to  include,  for 
the  most  part,  those  species  of  the  old  genus  CeUepora  in  which  the  sinus 
is  lacking  and  which  have  a  rounded  or  straight  posterior  margin  of  the 
orifice,  and  in  which  also  the  opercular  muscles  are  attached  near  the 
border.  Levinsen  (1909,  p.  347)  erected  a  new  family,  Holoporellidae,  to 
include  this  genus,  thus  farther  removing  it  from  CeUepora.  This  separa- 
tion is  based  on  the  fact  that  in  Holoporella  the  operculum  is  attached, 
sometimes  by  hinge  teeth,  to  the  lateral  margins  of  the  orifice,  while  in 
CeUepora  the  operculum  is  suspended  at  the  edges  of  the  sinus.  Oral  spines 
are  often  present  in  HoloporeUa,  but  are  wanting  in  CeUepora.  Rostra,  with 
avicularia,  may  be  present  in  both  genera.  Waters  includes  the  following 
American  species  of  the  Florida  region  in  HoloporeUa:  H.  (JHscopora) 
albirostris  (Smitt),  H.  (LepraUa)  turriia  (Smitt),  and  H.  (JHscopora)  pertusa 
(Smitt).  Levinsen  adds  H.  (JHscopora)  adoena  (Smitt),  which  apparently 
completes  the  list  of  the  described  species  of  this  region. 

HoloporeUa  putilla  (Smitt). 

Sifrrr,  1873,  p.  70  {JHscopora  albirostris  forma  pusiUa).—BvsiL,  1884,  p.  436  (CeUepora 


In  the  "Floridan  Bryozoa"  Smitt  describes  this  species  as  a  form  of 
his  Discopora  albirostris,  stating  that  their  relationship  is  "incontestably 
proved  by  the  very  same  form  of  the  zooedal  aperture."  Busk  (1.  c.) 
objects  to  placing  pusiUa  as  merely  a  variety  of  albirostris,  giving  it  as  his 
opinion  that  the  two  seem  to  him  to  be  quite  distinct.  Although  Busk 
possessed  no  material  of  pusiUa,  be  was  evidently  correct  in  forming  this 
opinion.  If  the  single  specimen  taken  by  me  at  the  Tortugas  is  identical,  as 
I  believe  it  to  be,  with  Smitt's  pusiUa,  it  differs  from  albirostris  in  the  entire 
absence  of  dark  pigment;  in  the  smaller  size  of  the  colony,  the  individual, 
and  the  orifice;  in  the  presence  of  radiating  lines  of  depressions  and  small 
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wart-like  prominences;  in  the  smaller  size  of  the  ooecia;  in  the  much  slighter 
development  of  the  rostrum,  which  never  rises  much  above  the  avicularium ; 
and  in  the  more  procumbent  position  of  the  rostrum,  which  projects  forward 
over  the  orifice.  The  form  of  the  orifice  is,  as  stated  by  Smitt,  very  similar 
to  that  of  albirostriSt  but  (as  Busk  points  out)  this  form  is  common  to  a 
'number  of  species.  Small  hinge  denticles  are  sometimes  present.  Smitt 
figures  the  species  as  having  from  3  to  6  oral  spines.  There  is  scarcely  any 
indication  of  these  in  the  specimen  in  my  possession.  The  oral  avicularium 
is  usually  rounded,  but  occasionally  the  mandible  is  obtusely  triangular. 
No  other  avicularia  are  present. 

One  colony  0.25  inch  in  diameter  incrusting  a  shell  at  low  tide. 

Smitt  records  it  from  Pourtales's  collections  at  9  to  60  fathoms. 

Holoporella  magnifica  n.  sp.  (Figs.  22  and  23.) 

A  very  coarse  species  with  very  large  zooecia  and  orifices  large  enough 
to  be  distinguished  readily  by  the  naked  eye.  Taken  at  10  fathoms  incrust- 
ing a  sponge  and  a  very  small  colony  on  a  dead  shell  at  the  same  depth. 


Fig.  aa. — HohporeUa  magnifica  n.  sp.     Young  zooedum  at  edge  of  colony,  showing  manner  of  growth. 

Rostrum  and  rostnd  avicularium  not  yet  developed. 
Fig.  33. — ^The  same.    Highly  calcified  portion  near  center  of  colony,  showing  one  deeply  immersed  and  three 

erect  superficial  zooecia.  independent  avicularia  of  two  sizes,  and  the  rostral  avicularium. 

Zooecia  large,  procumbent  at  the  growing  edge,  erect  and  irregular  at 
the  center  of  the  colony.  Imperforate  except  around  the  edge,  where  there 
are  large  pores,  often  coarsely  cancellated  between  the  cells  in  the  middle 
of  the  colony.  Very  heavily  calcified,  even  in  young  cells.  The  orifice  is 
much  as  in  H.  albirostriSf  except  that  it  is  much  larger.  The  peristome  is 
very  thick  and  broad,  slightly  raised  all  around  the  orifice  (when  ooecia  are 
present  it  extends  over  them  in  later  stages  of  growth).  The  rostrum  is 
small  and  low,  projecting  so  slightly  over  the  orifice  as  to  scarcely  hide  the 
posterior  margin  in  any  case.    On  one  side  of  the  rostrum  is  placed  a  large 
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avicularium  with  an  elliptical  mandible,  black  in  color.  Sometimes  the 
rostrum  is  so  slightly  developed  that  the  avicularium  appears  to  be  placed 
transversely  behind  the  orifice.  The  operculum  is  heavily  pigmented  with 
dark  brown,  especially  at  the  edge.  Large,  spatulate  avicularia  with 
brown  or  blackish  mandibles  are  abundantly  distributed  over  the  colony. 
There  is  a  slight  amount  of  the  brownish  pigment  in  the  zocedal  wall. 
In  all  the  avicularia  the  pigment  is  confined  to  the  mandible,  which  is  thus 
strikingly  contrasted  with  the  colorless  basal  membrane.  In  the  operculum 
also  the  color  is  limited  strictly  to  the  hinged  portion  and  does  not  extend 
upon  the  base.  The  ooeda  are,  as  in  other  species  of  this  genus,  shallow  and 
widely  open,  and  they  are  deeply  inmiersed  in  the  crust,  except  in  the  very 
young  stage. 

In  addition  to  the  specimens  mentioned  above,  a  large  flat  specimen,  2 
inches  across  and  many  layers  in  thickness,  which  was  apparently  growing 
unattached,  was  taken  by  Dr.  Paul  Bartsch  off  Biscayne  Key,  Florida. 
It  has  not  been  possible  to  identify  these  specimens  with  any  known  species. 
The  large  size  of  the  zooeda  and  the  orifice,  the  great  thickness  of  the  walls, 
even  in  young  specimens,  the  straight  proximal  border  of  the  orifice,  the 
absence  of  a  tall  rostrum,  and  the  large  size  of  the  oral  avicularium,  together 
with  the  elongate  form  of  the  mandible  with  its  round  tip  in  the  vicarious 
avicularia,  form  a  set  of  characters  which  serve  to  distinguish  it. 

Holoporella  turrita  (Smitt). 

Smitt,  1873,  p.  65  (LepraHa  /«mte).--WATERS,  1883,  p.  438  {SmitHa  turrita);  1909 
p.  161  (includes  in  HotopareUa,  new  genus). — RmLBY,  1881,  p.  55  {CeUepara 
turrita).— 'Jelly,  1889,  p.  253  (Smittia  turrita). 

A  very  common  species  at  12  to  15  fathoms,  growing  on  shells,  corals, 
and  the  firmer  sponges.  Recorded  by  Smitt  from  Pourtales's  collections 
as  not  frequent,  only  a  few  specimens  taken,  at  from  26  to  44  fathoms, 
growing  on  corals  and  nullipores. 

Color  in  life  bright  pink  to  brick-red.  Above  the  spreading  incrustations 
rise  knob-like  projections,  usually  0.25  inch  or  so  in  diameter,  sometimes 
much  larger.  The  younger  zooeda  are  separated  by  delicate,  raised,  white 
walls  which  are  very  conspicuous  against  the  red  color  of  the  colony.  The 
white  points  of  the  blunt  spines  are  also  strongly  contrasted  with  the  ground 
color. 

Genus  Petralia  MacGillivray,  1869. 
Petralia  bisinuata  (Smitt). 

Smitt,  1873,  p.  59  {EschareUa  ^iitntiato).— Lbvinsbn,  1909,  pp.  350-51. 

This  well-marked  species,  which  has  not  been  noted  outside  of  the 
Florida  region,  is  conunon  at  the  Tortugas  on  shells  and  sponges,  from  10  to 
18  fathoms.  The  color  in  life  is  bright  vermilion.  Smitt  described  the 
species  from  Pourtales's  collections  at  9  and  19  fathoms. 

Levinsen  (see  above)  has  placed  this  species  in  MacGillivray's  genus 
PetraUa  and  has  erected  a  new  family,  Petraliidse,  to  include  this  genus. 
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CTENOSTOMATA. 

Genus  Bowbrbankia  Farre,  1837. 

Bowerbankia  gracilis  Laidy;  ;  ^ 

Lbidy,  1855,  p.  143.— HiNCKS,  1877,  p.  315  {ydlheria  candata);  1880,  p.  521  (Bowif' 
bankia  caudata). — ^Vbekill  and  Smith,  187A,  p.  709  (Vesicularia  praciUs), 
and  p.  710  (F.  /f»i»).— Vbrull,  1880,  p.  38  CVesictilana  crooUi).— Lbv- 
iNSBN,  1894,  p.  83  (Bowerbankia  camUUaj.'-OsBxnx,  1913,  pp.  353-245 
(synonymy);  1912a,  p.  287. 

Specimens  of  this  species,  which  do  not  seem  to  differ  from  Woods  Hole 
material,  were  taken  in  the  moat  at  Fort  Jefferson  and  on  the  piles  of  the 
docks,  attached  to  shells,  or  creeping  over  the  sea-weed,  and  covered  to  such 
an  extent  by  coral  mud  as  to  almost  obscure  them.  No  erect  branches 
were  noted.  Many  individuals  show  the  caudate  process  of  the  variety 
caudata  (Hincks). 

On  the  North  American  coast  the  species  has  been  identified  by  the 
writer  from  Nova  Scotia,  Maine,  Massachusetts,  Connecticut,  New  Jersey, 
North  Carolina,  and  Florida.  Otherwise  it  is  known  from  England  and 
Denmark. 

It  is  quite  probable  that  the  genus  Bowerbankia,  as  Waters  (1910,  pp. 
241  and  244)  suggests,  must  be  fused  with  Zoobotryon,  but  as  Waters  himself 
keeps  them  separate  pending  more  thorough  studies  of  the  ctenostomes, 
the  writer  has  not  the  temerity  to  combine  them.  The  only  marked  dis* 
tinguishing  characters  are  the  much  greater  softness  and  hyalinity  of  the 
stock  and  the  absence  of  a  creeping  stolon  in  Zoobotryon.  These  characters 
will  readily  separate  the  one  species  of  Zoobotryon  from  any  Bowerbankia 
with  which  the  writer  is  acquainted. 

Genus  Zoobotryon  Ehrenberg,  1831. 
Zoobotxyon  pellucidum  Ehrenberg. 

Ehrbnbbrg,  1831,  pi.  m,  fig.  10.— Sondbr  in  Coll.  Binder  (Ascothamnian  trinitaHs).^-^ 
Watbrs,  1910,  p.  243. 

This  species,  first  described  from  the  Mediterranean,  is  common  at  the 
Tortugas,  floating  and  attached,  especially  in  the  Fort  Jefferson  moat  and 
about  the  piles  of  the  dock.  One  colony  8  inches  across  was  observed.  The 
zooeda  in  all  cases  were  much  obscured  by  a  layer  of  white  coral  mud 
adhering  to  the  ectocyst. 

Not  previously  recorded  for  the  Florida  region.  Sonder  (see  above) 
recorded  it  as  a  plant  from  the  island  of  Trinidad,  and  according  to  Waters 
(see  above)  it  is  known  from  the  Isle  of  Pines,  South  Australia,  Zanzibar, 
the  Red  Sea,  and  the  Cape  Verde  Islands. 

Genus  Cylindrcecium  Hincks,  1880. 

Cylindroecium  giganteum  (Busk). 

Busk,  1856,  p.  93  (Farretla  gigatUea).—liiHCK.s,  1880,  p.  535. 

This  species,  which  has  been  recorded  from  the  British  Isles,  from  various 
localities  in  the  Mediterranean  Sea,  from  the  Red  Sea,  and  from  the  Queen 
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Charlotte  Islands,  has  not  hitherto  been  noted  on  the  American  side  of  the 
Atlantic.  It  is  abundant  at  the  Tortugas  from  low  water  down  to  several 
fathoms,  growing  profusely  over  piles,  shells,  seaweed,  and  sponges.  The 
zooedal  wall  in  all  cases  was  thickly  covered  with  a  layer  of  coral  mud. 
Occasional  individuals  showed  the  swelling  at  the  side  of  the  zooedostome 
which  forms  the  ooedum.  Embryos  in  various  stages  of  development  were 
present. 

Genus  Anguinella  van  Beneden,  1844. 

Anguinella  palmata  van  Beneden. 

Van  Bbnbdbn,  1844,  p.  58. — Busk,  1856,  p.  95.-~Osburn,  1912,  p.  353,  pi.  xxvni, 
fig.  78. 

This  species  occurs  rather  sparingly  among  algae  on  the  reefs  in  shallow 
water.  It  is  very  easily  overlooked  because  its  irregularly  branched  form 
gives  it  a  marked  resemblance  to  some  of  the  smaller  algae.  The  species  is 
now  known  to  occur  on  the  American  coast  from  the  Tortugas  to  Buzzard's 
Bay,  Massachusetts  (Osbum,  1912).  At  Beaufort,  North  Carolina,  it  is 
very  abundant  and  grows  much  larger  than  at  the  localities  mentioned 
above.  It  has  not  previously  been  noticed  south  of  Charleston,  South 
Carolina,  where  it  was  recorded  by  Busk  (Harvey,  coll.). 

Genus  Amathia  Lamouroux,  1812. 
?Amalhia  goodei  VerrOL 

Vbrbill,  1901,  p.  329. — (?)  Smitt,  1872,  p.  4  (Serialaria  8p»  undet). 

Several  colonies,  growing  attached  to  piles,  seem  to  belong  to  this 
species,  which  Verrill  described  from  the  Bermudas.  Verrill  described  the 
branches  as  "thick,  soft  and  flaccid"  and  the  zo5ids  as  "numerous,  arranged 
in  large,  dense  elongated  clusters  composed  of  several  close  rows,  which 
often  nearly  or  quite  surround  the  stem,  but  are  scarcely  at  all  8i»ral.*' 
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THE  EFFECTS  OF  TEMPERATURE  UPON  TROPICAL  MARINE  ANIMALS. 


By  Alfrbo  Goldsborough  Mayer. 


CONCLUSIONS. 


Tropical  marine  animals  commonly  live  within  5**  C.  of  their  temperature 
of  maximum  activity  and  within  10®  to  15**  C.  of  their  upper  death  temper- 
ature. In  marine  animals  of  the  temperate  or  arctic  regions  a  considerable 
range  of  temperature  above  or  below  the  normal  produces  relatively  little 
diflFerence  in  their  activities,  but  in  tropical  forms  even  a  few  degrees  of 
heat  or  cold  cause  a  marked  depression  in  movement.  In  tropical  Scypho- 
medusae  this  depression  of  movement  appears  to  augment  about  as  the  square 
of  the  change  in  temperature  from  that  of  the  optimum.  Thus  it  is  more 
depressant  than  one  would  expect  were  it  due  to  a  simple  chemical  reaction. 

As  was  shown  by  Harvey  (191 1),  the  rate  of  nerve-conduction  in  the 
subumbrella  tissue  of  Cassiopea  varies  as  the  increment  of  temperature, 
increasing  in  a  linear  ratio  as  the  temperature  is  raised. 

Experiments  conducted  at  the  Murray  Islands,  Australian  Great  Bar- 
rier Reef,  show  that  those  corals  which  die  at  temperatures  below  36.5^ 
are  killed  by  being  buried  11  hours  under  the  mud,  but  those  which  resist 
37**,  and  above,  are  proportionally  less  sensitive  to  the  smothering  effects 
of  mud  and  may  survive  being  buried  for  30  to  40  hours.  This  suggests 
that  high  temperature  produces  death  by  causing  asph3ndation,  the  oxygen 
of  the  sea- water  being  insufficient  to  sustain  the  increased  metabolic  activity 
of  the  animal. 

OBSERVATIONS  AND  EXPERIMENTS. 

The  literature  upon  the  effects  of  temperature  on  animal  life  and  activi- 
ties is  both  extensive  and  widely  scattered,  although  Davenport  and 
Castle  (1895),  in  their  paper  in  the  " Archiv  ftir  Entwicklungsmechanik  der 
Organismen,"  Bd.  2,  have  given  a  list  of  all  previous  papers  treating  of 
experiments  upon  the  maximum  temperature  which  can  be  endured  by 
aquatic  organisms;  and  Bachmetjew  (1899),  in  the  "Zeitschrift  fiir  wissen- 
schaftliche  Zoologie,"  Bd.  66,  presents  a  complete  r6sum6  of  researches  upon 
the  subject  of  the  temperature  of  insects  in  relation  to  that  of  their  sur- 
roundings. Also  a  review  of  works  upon  the  physiological  effects  of  temper- 
ature is  given  by  DemoU  and  Strohl  (1909). 

Probably  no  single  factor  is  a  more  effective  barrier  to  the  extensive 
geographical  range  of  marine  animals  than  is  that  of  temperature.  This 
fact  has  long  been  recognized  and  there  are  many  striking  examples  of  its 
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general  truth;  for  example,  Professor  Hjort,  in  Murray  and  Hjort's  "Depths 
of  the  Ocean"  (1912,  p.  444),  concludes  that  the  southern  limit  of  northern 
boreal  species  of  fishes  from  the  sea-bottom  everywhere  coincides  with  the 
isotherm  of  10**  C.  at  a  depth  of  100  meters. 

That  temperature  should  be  so  important  a  barrier  to  universal  distri- 
bution is  the  more  remarkable  in  view  of  the  large  number  of  observations 
showing  how  readily  animals  may  become  artificially  adapted  to  survive 
in  unaccustomed  temperatures.  Thus  Davenport  and  Castle  (1895)  found 
that  tadpoles  reared  at  about  15*^  C.  go  into  heat-rigor  at  40**  to  41**  C,  but 
if  kept  at  about  24.5**  C.  for  4  weeks  their  heat-rigor  temperature  is  raised 
to  43^  to  43.8^  C. 

The  experiments  of  Dallinger  (1887)  are  even  more  remarkable,  for  he 
kept  Flagellata  in  a  warm  atmosphere  beginning  at  15.6^  C,  gradually 
raising  the  temperature  for  several  years  until  it  became  70**  C,  the  colony 
still  surviving  and  reproducing  normally,  although  in  nature  the  same 
species  were  killed  at  23**  C. 

In  studying  animals  in  a  state  of  nature,  Vernon  (1899)  found  that  at 
Naples  the  mean  death-temperatures  of  various  marine  invertebrates  ranged 
from  34**  to  42.3**  C,  but  that  the  death-temperatures  of  the  same  species 
in  July  and  August  are  from  0.6**  to  1.3**  C.  higher  than  in  March  and  April, 
this  change  being  associated  with  a  rise  of  about  10**  in  the  surface  temper- 
ature of  the  Mediterranean.  Observations  of  similar  purport  were  made  by 
King  (1903)  upon  the  effects  of  seasonal  temperature  on  the  development 
of  toad  eggs. 

It  is,  therefore,  somewhat  surprising,  when  we  see  how  readily  certain 
animals  may  become  acclimated  in  a  short  time  to  abnormally  high  or  low 
temperatures,  that  whole  races  of  marine  organisms  are  confined  within 
a  narrow  range  of  temperature.  For  example,  the  rhizostomous  scypho- 
medusae  are  restricted  to  tropical  or  warm  seas,  none  of  them  extending 
into  regions  beyond  the  summer  isotherm  of  16**  C.  Also,  the  species  of  the 
genus  Cyanea  are  equally  well  confined  to  cold  seas,  being  bounded  in  their 
range  from  either  pole  by  the  summer  isotherm  of  20^.  On  the  other  hand, 
Aurellia  aurita  is  eurythermal,  ranging  from  pole  to  pole  and  giving  rise 
to  many  varieties  and  local  races. 

Among  the  440  known  species  of  hydromedusae  only  one,  SoltnundeUa 
bitentaculata,  appears  to  be  eurythermal,  living  at  temperatures  ranging 
from  30**  to  —  I**  C.  and  at  depths  between  1,500  fathoms  and  the  surface, 
and  even  among  the  widely  ranging  Siphonophorae,  Bigelow  (191 1)  is  able 
to  name  only  one  doubtfully  eurythermal  species  among  the  90  known  forms. 

A  study  of  the  temperature  reactions  of  the  only  known  eurythermal 
scyphomedusa,  Aurellia  aurita,  is  of  interest,  for  it  shows  that  the  success 
of  this  species  in  adjusting  itself  to  a  wide  range  of  temperature  is  due  to  a 
remarkable  ability  for  acclimatization.  Thus,  the  Aurellia  at  Halifax,  Nova 
Scotia,  ceases  to  pulsate  at  29.4**  C,  at  which  temperature  it  is  most  active 
at  Tortugas,  Florida;  and  conversely,  the  Tortugas  medusae  cease  to  pulsate 


Digitized  by 


Google 


Effects  of  Temperature  on  Tropical  Marine  Animals.  s 

at  about  7.75**  C,  while  those  from  Nova  Scotia  continue  to  move  at  a 
temperature  of  —14**  C.  with  ice  floating  in  the  water  above  them.  If 
frozen  solidly  into  the  ice  the  Tortugas  medusae  are  killed,  but  (as  was 
observed  by  Romanes,  1885),  our  northern  AureUia  withstands  this  treat- 
ment without  serious  injury. 

AureUia  aurita  is  more  abundant  in  cold  than  in  warm  seas,  however, 
perhaps  on  account  of  the  more  abundant  zo5plankton  and  food-supply  in 
cold  waters;  yet  it  may  be  due  to  a  better  adjustment  to  environmental 
temperature  in  the  medusae  of  the  cold  waters,  for  at  Halifax  the  surface- 
temperature  in  sununer  is  about  14^  C.  and  the  range  in  activity  of  the 
medusa  is  then  about  15**  C,  both  above  and  below  this  temperature,  the 
animals  being  most  active  at  from  18**  to  23**  C.  On  the  other  hand,  at 
Tortugas  the  average  surface-temperature  in  summer  is  about  29**  C, 
being  practically  identical  with  that  of  the  animal's  greatest  activity;  but  a 
rise  of  8**  C.  would  cause  all  movement  to  cease  and  is  generally  fatal  to  the 
medusae,  while  the  same  species  at  Tortugas  can  still  pulsate  even  at  a 
temperature  of  21**  below  that  of  the  ocean  in  which  they  live.  It  appears 
probable  that  AureUia  is  a  boreal  or  arctic  animal  which  has  wandered  into 
the  tropics  and  become  fairly  well  acclimated,  although  living  in  these  warm 
waters  within  9**  C.  of  its  death-temperature.  Thus,  in  comparison  with 
their  northern  relatives,  these  Aurellias  in  the  tropics  are  poorly  adjusted 
to  their  temperature  environment,  and  a  change  of  even  2^  or  3**  above  their 
normal  temperature  causes  a  decided  lassitude  and  loss  of  rate  in  pulsation. 
We  see,  therefore,  that  the  medusa  has  become  adapted  to  a  tropical  environ- 
ment, but  this  has  been  accomplished  at  the  expense  of  its  factor  of  safe 
adjustment  to  temperature  changes. 

Harvey  (191 1,  p.  34)  showed  that  Cassiopea^  which  is  strictly  confined 
to  the  tropics,  can  not  withstand  a  higher  degree  of  heat  than  can  Limulus 
at  Woods  Hole,  Massachusetts.  Thus,  Cassiopea  is  an  animal  living 
constantly  within  15**  C.  of  its  death-point,  yet  it  is  not  adapted  to  with- 
stand higher  temperatures  than  the  heart  of  a  northern  animal  (Limulus) 
living  at  25**  to  30**  C.  from  its  death-point. 

In  general,  one  finds  that  tropical  marine  animals  normally  live  at  tem- 
peratures much  nearer  their  death-point  than  do  northern  forms.  For 
example,  the  most  resistant  reef  coral,  Siderastrcea  radians,  which  lives  at 
about  28^  to  30^  C,  is  killed  at  38.5**  C,  and  the  West  Indian  reef  Madre- 
pores are  killed  at  about  35-8*^.  The  tropical  sea-urchins,  Diadema  (Centre- 
chinus)  setosum  and  Toxopneustes  (Lytechinus)  variegatus,  and  the  brittle- 
star,  Ophioderma  appressa,  are  killed  at  37.4**  to  37.7**.  In  these  forms  the 
temperature  of  the  sea-water  in  summer  is  only  from  7**  to  10**  C.  below  the 
death-temperature.  By  way  of  contrast,  we  may  cite  the  cases  of  the 
arctic  forms  Cyanea  arctica  and  BeroS  cucumis,  which  are  killed  at  about  27*^ 
and  30**  C,  respectively,  and  which  live  in  an  ocean  not  warmer  than  14**  C, 
thus  being  at  least  13**  to  16**  C.  from  their  death-points. 

This  low  factor  of  safety  in  tropical  marine  animals  may  at  times  become 
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of  biological  significance.  Thus  on  July  21-22,  191 1,  at  Tortugas,  Florida, 
after  several  hot,  calm  days,  the  shallow  water  over  Bird  Key  Reef  rose  to 
33*^  to  38**  C.  and  Dr.  L.  R.  Cary  observed  that  large  numbers  of  Diadema^ 
Octopus^  FissureUa,  and  other  mollusks  and  small  fishes  were  killed  in 
considerable  numbers  over  extensive  areas,  and  corals  were  injured  even 
when  not  exposed  to  the  air. 

In  order  that  a  marine  animal  may  live  throughout  the  year  in  the 
shallow  or  surface  waters  of  the  tropics,  it  must  be  capable  of  surviving  at 
29**  C.  Similarly,  the  animals  of  the  Arctic  Ocean  must  survive  at  o**  and, 
indeed,  Cyanea  arctica  continues  to  pulsate  even  when  half  its  bell  is  frozen 
into  the  ice,  and  after  being  embedded  solidly  for  several  hours  it  revives  at 
once,  apparently  uninjured,  when  the  ice  has  melted. 

It  is  easy  to  see  why  such  forms  as  the  rhizostomous  scyphomedusa 
Cassiopea  and  the  sea-urchin  Diadema  setosum  are  confined  to  the  tropics, 
for  they  lose  all  power  of  movement  at  from  10**  to  12**  C.  Also  the  floating 
barnacles,  Lepas  fascictdaris,  can  not  survive  in  arctic  waters,  for  they  are 
unable  to  move  if  cooled  to  4.6**  C,  and,  conversely,  Cyanea  arctica  can  not 
enter  the  tropics,  for  it  dies  at  27**  C. 

On  the  other  hand,  even  the  tropical  Limtdus  Polyphemus,  from  the 
Marquesas,  Florida,  survives  being  frozen  into  the  ice,  and  near  the  northern 
limit  of  its  range,  off  the  northern  coast  of  Massachusetts,  it  continues  to 
move  until  heated  to  at  least  40^.  Judging  from  its  marked  adaptability 
to  extremes  of  temperatures,  one  would  expect  this  animal  to  be  of  world- 
wide distribution,  yet  it  ranges  only  from  Maine  to  Yucatan  and  is  unknown 
from  European  coasts. 

When  a  boreal  or  arctic  animal  such  as  AureUia  becomes  acclimated  to 
the  tropics,  its  upper  death-temperature  is  raised,  and  conversely  it  becomes 
unable  to  withstand  a  degree  of  cold  in  which  its  northern  relatives  may 
thrive.  Its  optimum  temperature  is,  however,  raised  even  more  con- 
spicuously than  its  death-points  and  thus  its  factor  of  safety  against  ab- 
normally high  temperatures  is  reduced. 

These  facts  are  illustrated  in  fig.  8,  page  18,  wherein  the  ordinates  of  the 
curve  ABC  represent  the  average  rates  of  pulsation  of  AureUia  at  Halifax, 
Nova  Scotia,  the  abscissas  representing  the  respective  temperatures  in 
degrees  centigrade.  The  curve  DEF  shows  the  same  factors  for  the  AureUia 
from  Tortugas,  Florida,  and  it  is  evident  that  at  Halifax  a  wide  range  of 
temperature,  from  2^  to  19**  C,  produces  but  little  change  in  the  rate  of 
the  medusa,  whereas  at  Tortug  a  the  medusa  lives  constantly  at  the  temper- 
ature of  its  maximum  activity  and  any  further  elevation  of  temperature 
causes  a  marked  decline  in  its  rate  of  pulsation. 

The  case  of  the  brittle-stars  Ophioderma  brevispina  and  0.  appressa  is 
unlike  that  of  AurelUa,  for  at  Montego  Bay,  Jamaica,  they  both  have  the 
same  temperature-range,  their  movements  ceasing  at  ^^  to  8**  C.  in  cooled 
and  37.3**  to  38**  C.  in  heated  sea-water;  yet  the  former  species  ranges  from 
Woods  Hole,  Massachusetts,  to  the  West  Indies,  and  the  latter  is  restricted 
to  the  tropics. 
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An  ev^i  more  striking  case  is  that  of  the  tropical  reef-flat  coral  Sider* 
astrcea  radians,  which,  although  it  normally  lives  in  water  of  29^  to  31^  C, 
can  survive  wthout  apparent  injury  after  being  placed  for  8  hours  in  water 
at  6.7*^  C,  and  one  specimen  survived  with  some  maceration  of  tissue  a 
temperature  of  1.9*^  C.  It  is  difficult  to  see  why  this  coral  does  not  invade 
the  waters  of  the  temperate  regions,  but  it  is  unknown  north  of  Bermuda. 

The  development  of  the  ability  to  withstand  higher  or  lower  temperatures 
is  associated  with  physical  changes  in  the  protoplasm.  For  example, 
Dallinger  (1887),  Davenport  and  Castle  (1895),  Greely  (1901),  McGill 
(1908),  Rautmann  (1909),  etc.,  observed  that  organisms  when  heated 
excrete  water  and  thus  their  albumens  become  denser  and  the  temperature 
of  coagulation  is  raised.  A  decided  congelation  of  the  slime  is  observed  in 
Cassiopea  which  has  been  cooled  to  its  non-active  limit. 

In  the  tropical  scyphomedusa  Cassiopea  xamachana,  however,  move- 
ments cease  long  before  heat-rigor  devdops,  and  in  fact  the  loss  of  move- 
ment is  due  to  a  general  muscular  relaxation,  which  develops  several  degrees 
below  the  temperature  at  which  the  nerves  cease  to  transmit  the  pulsation 
stimulus.  If,  for  example,  we  cut  a  ring  (fig.  i)  of  subumbrella  tissue  of 
Cassiopea,  leaving  a  radial  strip  projecting 
from  the  outer  side  and  then  start  a  pulsa- 
tion-wave in  the  ring,  every  time  the  wave 
passes  the  point  B  a  portion  of  the  wave  is 
diverted  and  passes  out  to  the  end  of  the  strip 
BC.  If,  then,  we  place  the  strip  BC  and  the 
ring  in  separate  dishes  of  sea-water,  and  warm  Fig.  i. 

the  ring  while  the  strip  remains  at  a  normal 

temperature,  the  amplitude  of  pulsation  is  reduced  to  insensibility  in  the  ring 
at  about  38.5*^  C,  and  all  the  muscles  are  relaxed  while  the  nervous  im- 
pulse which  produces  pulsation  still  causes  the  strip  BC  to  respond  vigor- 
ously every  time  it  passes  the  point  B  up  to  about  41.7*^  C.  Thus  the 
muscles  are  more  profoundly  affected  by  the  heat  than  are  the  nerves. 

There  is  another  reason  for  the  belief  that  heat-rigor,  or  at  least  coagu- 
lation of  albumens,  is  not  the  cause  of  death  at  high  temperatures,  for 
practically  no  marine  animals  can  ¥rithstand  46^  C,  most  of  them  dying 
below  40**,  while  the  most  readily  coagulated  emulsion  of  egg  albumen  does 
not  congeal  below  56**  C.^ 

Snyder  (1907,  Archiv  ftir  Anat.  und  Physiol.,  p.  113),  basing  his  con- 
clusions upon  Nicolai's  observations  of  1901,  came  to  the  conclusion  that  as 
many  physiological  reacuons  have  the  same  temperature  coefficient  as  have 
chemical  reactions,  the  underlying  cause  of  the  physiological  reactions  must 
be  of  a  chemical  rather  than  a  physical  nature.  In  1908  Snyder  published 
an  extensive  and  important  paper  upon  this  subject  in  which  he  made  use 
of  the  results  of  all  previous  studies  bearing  upon  the  case;  and  he  concludes 

>  Af  a  result  of  our  recent  experiments  upon  the  corals  of  the  great  Barrier  Reef  of  Queensland  it 
appears  that  liigh  temperature  causes  death  through  asphyxiation,  tlie  oxygen  of  the  sea^water  becoming 
insuflSdent  to  support  the  increased  metabolism. 
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that  the  temperature  coefhcients  of  all  physiological  reactions  in  which 
metabolism  occurs  are  of  the  magnitude  of  the  coefficients  for  chemical 
reactions,  being  about  2  or  3. 

The  equation  for  chemical  reactions  at  increasing  temperatures  may  be 
expressed  in  the  form  y  =  a^,  where  y  is  the  rate  of  the  reaction  at  any 
10**  C.  temperature  interval,  a  is  the  rate  of  reaction  at  the  lowest  temper- 
ature in  the  series;  c  is  the  temperature  coefficient,  the  value  of  whidi  is 
usually  between  2  and  3;  and  x  is  the  number  of  the  10**  C.  temperature 
intervals.  Thus,  if  the  temperature  be  raised  10**  C,  then  x  =  i;  if  the 
temperature  be  raised  30**  C.  above  the  lowest  temperature  in  the  series, 
then  X  =s  3.  Hence,  x  is  the  increment  of  increase  in  temperature  expressed 
in  terms  of  units  of  10**  C. 

Harvey  (191 1)  tested  this  subject  for  the  rate  of  nerve-conduction  in 
Cassiopea  by  experimenting  upon  two  subumbrella  rings  which  were  deprived 
of  rhopalia  and  set  into  pulsation  by  means  of  an  entrapped  circuit-wave. 
In  being  heated  from  18**  to  about  30**  C.  the  rate  of  pulsation  increased  in 
arithmetical  proportion  to  the  increment  of  temperature,  in  other  words,  as 
a  rectilinear  function  of  the  increase  in  temperature,  not  a&  an  exponential 
function  as  demanded  by  Snyder's  hypothesis. 

As  Harvey  was  able  to  obtain  only  one  wholly  satisfactory  series  of 
observations,  it  seemed  desirable  to  repeat  his  experiments.  This  has  been 
done  upon  five  separate  subumbrella  rings  of  Cassiopea,  the  results  being 
presented  in  table  i,  which  gives  the  rates  of  pulsation  of  five  rings  of  sub- 
umbrella tissue  of  Cassiopea  xamachana  warmed  in  sea- water,  at  Tortugas, 
Florida. 

Table  i. 


Tempen- 
tmeof  the 
sea-water. 

Number  of  timet  per  minute  the  wave 

Tempera- 
ture of  the 

Number  of  times  per  minute  the  wave 
traveled  around  the  ring. 

RlnsA.i 

RlngB. 

RlngC. 

RlngD. 

RlngB. 

aea-water. 

RlngA.i 

RlngB. 

RlngC. 

RlngD. 

RlngE. 

•c. 

17.J 
S0.3 

21j6 

a? 
a7.a 

Hi 

29 
30.9 

31.35 
3a.as 
32^3 
33^5 
33.15 
34.1a 
34.XS 
34.3 

IS-' 

lis 

Z0X.5 
X05 

•c. 

35x>7 

35.1 

35.33 

3S47 

35.95 

nil 

37.03 
37.05 

37.65 

37.7 

37.9 

38.3 

38^ 

38^ 

38Ui 

39 

105 

Z40 

x8o 

iii" 

z8o 

105.5 

137 

153' 

136 

xii'** 

zoo 

183 

140 

103 

87 

154.5 

X3X.5 

134 

'134.5' 

z8o 

t 

163.5 

ZOX.5 

'Hi' 
'lie" 

164 

158 

ISO 

131 

X55 

X03.5 

174 

X33 

143 

105 

136 

173 

>  Ring  A  was  first  cooled  from  37^®  to  Z7.5°*  its  rate  becoming  lower  as  follows:  37.3^  C.  70  per  minute; 
36*.  68  per  minute:  34.5*.  7a  per  minute;  as*.  67.5  per  minute;  30.3^  64  per  minute;  17. 5°*  54.5 
per  TniTmtn>T    (See  Keoord  zA.) 

*  This  ling  was  finally  heated  to  38.75°  and  then  upon  being  cooled  to  38.5°  It  gsve  89  pulsations  per  mln^ 

ute.  being  someiHiat  weaker  than  the  normal. 

•  Upon  betog  cooled  to  30.5^  this  ring  gave  za6  turns  per  minute.    Pulsating  normally. 

*  Upon  being  cooled  to  36.Z*  this  ring  gave  zz6  per  minute.    Fully  recovered. 

•  Upon  cooling  to  39.05*  the  rate  became  130.5*. 
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The  most  successful  experiment  was  upon  Ring  A,  the  wave  within  which 
traveled  around  the  ring  70  times  per  minute  at  27.3*^  C,  and  gradually 
declined  to  54.5  at  17.5**  C,  from  which  temperature  it  was  slowly  heated 
to  39**  C,  its  rate  then  becoming  173.  Then,  upon  cooling  the  ring  to 
26.1^  C,  it  pulsated  in  a  normal  manner  at  the  rate  of  116  per  minute, 
showing  no  ill  effects  from  the  experiment  (see  Record  ia).    The  obser- 
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Record  No.  i  b. 

vations  are  plotted  in  figure  2,  and  it  appears  that  the  increase  in  rate  is 
in  the  form  of  a  straight  line  from  17,5**  C.  to  35**  C.  In  other  words,  it  is 
arithmetically  proportional  to  the  increase  in  temperature. 


17    18   19202122282425262728293081 

Degrees  Centiffrade 
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Fig.  2,  illustrating  Record  No.  i  A. 
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This  result  is  confirmed  by  taking  the  average  of  all  five  rings;  for  here 
also  the  increase  in  rate  is  in  the  form  of  a  straight  line  practically  coinciding 
with  that  displayed  by  Ring  A.  This  averagecurve  is  shown  in  figure  3.  The 
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Degrees  Centigrade 
Fig.  3,  illustrating  Table  I. 


equation  for  the  increase  in  rate  with  elevating  temperature  between  17.5*^ 
to  35*^  C,  in  these  rings,  is  y  =  4.85X  +  54.5  and  for  Harvey's  ring  it  is 
y  =  6.66JC  +  50;  where  y  is  the  rate  at  any  given  temperature  above  17.5*^, 
but  below  30**  in  Harvey's  and  35**  on  my  curves,  x  is  the  temperature- 
increment.  Thus  at  25.5**  C.  X  =  (25.5  —  17.5)  =  8,  and  at  27.5*^  Cx-  10, 
etc.    The  constants  54.5  and  50  are  the  rates  of  the  rings  at  17.5*^  C. 

Above  33*^  C,  Harvey  observed  a  sudden  decline  in  rate,  but  my  rings 
did  not  display  this  decline  until  they  had  been  heated  to  35.5**  to  39**,  and 
Ring  A  did  not  display  it  even  at  39*^  C. 

As  Harvey  states,  these  curves  bear  a  close,  although  possibly  only  a 
superficial,  resemblance  to  those  of  enzyme  actions. 

Certainly  our  observations  are  not  in  accord  with  the  conditions  necessi- 
tated were  the  rate  of  the  nervous  impulse  a  simple  chemical  reaction,  for 
in  this  case  the  curve  would  be  given  by  an  equation  of  the  form  y  =  ac*, 
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where  a  is  the  rate  of  17.5**  C,  and  c  is  the  temperature  coefficient.    The 
actual  equation  is,  however,  of  the  form  y  =  a  +  x{c  +1). 
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Record  No.  I  c. 

In  this  connection  it  is  interesting  to  observe  that  Knowlton  and  Starling 
(1912)  find  that  in  the  excised  hearts  of  dogs  and  cats  the  increase  in  the 
rate  of  pulsation  between  24**  and  40**  C.  is  in  a  straight  line,  the  increase 
in  rate  being  arithmetically  proportional  to  the  increment  of  temperature. 
They  also  comment  upon  the  inadequacy  of  Snyder's  hypothesis  to  meet 
the  conditions  of  their  determinations,  and  this  is  the  more  remarkable 
because  many  physiological  reactions  do  unquestionably  follow  Snyder's 
law. 

A  relation  which  may  possibly  be  of  some  significance  in  this  connection 
is  that  the  kinetic  energy  of  the  sea-water  increases,  as  does  the  absolute 
temperature,  the  increment  of  increase  being  arithmetically  proportional 
to  the  temperature  increment,  thus  increasing  in  a  simple  linear  ratio,  as 
does  the  rate  of  pulsation.  The  kinetic  energy  increases,  however,  at  a 
much  lower  rate  than  does  the  rate  of  nerve-conduction.  Thus,  between 
17.5*^  and  35*^  C.  the  rate  of  nerve-conduction  has  increased  in  an  arith- 
metical ratio  from  54.5  to  about  140,  or  to  2.568  times  its  initial  rate. 

The  kinetic  energy  has  in  the  same  temperature  interval  increased  from 
Kto 

_273ji3S_jj. 
273  +  17.5     ' 

or  from  i  to  1.06.    Thus  the  rate  of  nerve-conduction  has  increased  from 
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54.5  to  140,  or  85.5  per  minute,  the  kinetic  energy  in  the  isame  interval 
having  increased  by  0^06. 

The  equation  for  the  rate  of  nerve-conduction  at  any  temperature 
between  17.5*^  C.  and  35*^  C.  may  therefore  be  expressed  by 

85.5r/273  +  i7>5  +  ^\      ,  1  .   ^^  ^ 

^"^Lv  273+17.5  ;-^J+54.5 


or 


or,  adopting  general  terms, 

y^  ^^^X^)''  iJ  +  54.5. 

Wherein  Ti  is  the  absolute  temperature  of  the  lowest  point  of  the  series 
and  X  is  the  temperature  increment  corresponding  to  the  rate  y,  as  has  been 
explained  on  page  ii. 

If  we  let  I  represent  the  rate  of  nerve-conduction  and  also  the  kinetic 
energy  of  the  solution  at  the  lowest  temperature  of  the  series,  then: 

The  increase  in  rate  2.568  —  i  ^  ^^   ^ 

The  increase  in  energy       1.06  —  i 

Thus  the  increment  of  increase  in  rate  of  nerve-conduction,  for  any 
elevation  in  temperature  between  17.5**  and  35**  C,  is  26.13  times  the  incre- 
ment of  increase  in  kinetic  energy  of  the  solution. 

Hitherto  we  have  been  considering  the  rate  at  which  the  nerve-net 
conducts  the  stimulus  which  produces  muscular  contraction.  In  nature 
the  stimuli  which  produce  the  nerve-impulse  arise  in  the  motor  centers  or 
marginal  sense-organs  of  the  scyphomedusa  and,  as  explained  by  Mayer, 
1908,  p.  119,  the  pulsation-waves  annul  themselves  after  each  systole; 
thus  the  rate  of  pulsation  in  the  normal  medusa  is  much  lower  than  the  rate 
of  nerve-conduction,  being,  indeed,  determined  solely  by  the  rate  at  which 
the  motor  centers  can  generate  successive  stimuli.  In  the  paralyzed  ring, 
on  the  other  hand,  the  rate  of  pulsation  is  simply  that  of  nerve-conduction, 
for  no  new  stimuli  are  generated. 

The  effect  of  temperature  upon  the  perfect  medusa  is  therefore  its  effect 
upon  the  stimulus-generating  ability  of  the  motor  centers — ^in  other  words 
upon  the  rate  of  the  metabolic  process  which  produces  stimulation.  We 
have,  then,  in  Cassiopea  a  unique  opportunity  for  differentiating  between 
the  rates  of  production  and  that  of  the  conduction  of  nervous  impulses. 

Cassiopea  xamachana  with  motor  centers  intact  pulsates  at  its  maximum 
rate  at  about  33**  C,  ceasing  to  pulsate  if  cooled  to  16.6*^  or  if  heated  to 
38.5^ 
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Table  2  gives  the  mean  rates  of  pulsation  derived  from  the  study  of  7 
separate  medusae  (with  marginal  sense-organs  intact)  at  various  tempera- 
tures, the  rates  stated  in  the  table  being  the  arithmetical  mean  of  the 
observed  rates.  Thus  if  3  medusae  each  pulsated  at  the  rate  of  3  per 
minute,  and  if  4  others  each  pulsated  at  the  rate  of  10  per  minute,  the 
average  rate  of  pulsation  would  be  7. 

Table  2. 


Tempers 

No.ofpulm. 

Tempem- 

No.  of  pal- 

Tempm. 

No.of  pnl- 

tore  of 

tkuitper 

ture  of 

ntiootpcr 

tore  of 

ntloosper 

•ea-water. 

minute. 

•eap>water. 

]&lDQw6s 

•eap>water. 

minute. 
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S^ 
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19 
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Hi 

35 
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13.7 

36 
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30.8 
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33.06 
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'2-* 

30 

31 
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13J 
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X8.3 

3Z 

30.9 

38.$ 

5.35 
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Degrees  Centignde 
Fig.  4,  illustrating  Table  2. 

The  observations  recorded  in  table  2  are  plotted  in  figure  4,  wherein  it 
appears  that  the  rate  at  which  the  motor-centers  engender  stimuli  declines 
if  the  medusa  be  cooled  or  heated  from  33^.  In  both  heating  or  cooling 
the  loss  of  rate  is  slight  at  first,  but  constantly  augments  as  we  continue  to 
cool  or  heat  the  animal.     In  fact,  the  loss  of  rate  is  about  proportional  to 
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Record  No.  2.— A  Cassiopea  xamachana  cooled  from  39.5**  to  16.8^  C.  and  then 

warmed  to  30.9^  C. 

the  square  of  the  departure  of  the  temperature  from  its  optimum  of  33*^. 
Thus  a  change  in  temperature  above  or  below  the  optimum  appears  to  reduce 
the  rate  of  pulsation  in  proportion  to  the  square  of  the  change.  For 
example,  if  cooling  i^  C.  produces  a  loss  of  rate  of  i  per  minute,  a  cooling 
of  2^  from  the  optimum  will  produce  a  loss  of  4,  and  for  3^  the  loss  will 
be  about  9,  etc. 

Thus  if  X  be  the  departure  of  temperature  from  the  optimum  of  33*^  (for 
example  at  30*^  or  at  36**,  x  =  3),  and  if  y  be  the  loss  in  rate  (for  example,  if 
the  rate  has  declined  from  34  to  30,  y  =  4),  then  in  cooling  y  =  o.i22x*, 
and  in  heating  y  »  0.9260^. 

It  seems  that  the  loss  of  rate  in  heating  is  nearly  8  times  as  rapid  as  in 
cooling.  Moreover,  when  the  medusa  has  lost  all  movement  through  being 
heated,  its  muscles  are  relaxed  and  recovery  rarely  occurs,  even  if  the  medusa 
be  then  cooled  to  a  normal  temperature.  If,  however,  the  medusa  be  cooled 
to  a  standstill,  the  muscles  still  exhibit  a  decided  tonus,  some  shrinkage 
occurs,  and  the  slime  congeals  into  a  gdatinous  mass. 

The  falling-off  in  rate  that  is  observed  when  the  medusa  is  either  cooled 
or  heated  from  its  optimum  temperature  appears  not  to  be  a  simple  chemical 
reaction,  for  it  is  more  rapid  than  can  be  represented  by  the  equation 
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y  SB  oc*,  but  in  all  these  experiments  the  equation  y  ^  bx^  fits  the  observed 
facts  fairly  well,  but  this  formula  is  merely  tentative  and  should  not  be 
taken  as  being  more  than  an  empirical  attempt  to  express  the  law.  If  this 
be  the  law,  however,  it  would  mean  that  the  decline  in  rate  varies  as  the 
square  of  the  degree  of  heating  or  cooling  above  or  below  the  optimiun,  and 
it  leads  one  to  suspect  either  that  an  inhibiting  enzyme  is  formed  in  a 
constantly  accelerated  ratio  or  a  stimulating  one  is  destroyed  in  the  same 
manner.  This  is,  however,  a  mere  suggestion,  for  the  observations  are  too 
few  to  establish  it  as  a  law. 

Experiments  upon  Cassiopea  frondosa  and  AureUia  auriia  at  Tortugas 
appear  to  lend  some  support  to  the  results  attained  from  a  study  of  C. 
xamachana. 

Thus  table  3  shows  the  average  rates  of  four  medusae  of  Cassiopea 
frondosa  at  Tortugas,  Florida,  cooled  from  28.5®  to  12.5**  C,  and  figure  5  gives 
a  graphic  representation  of  the  results.  It  is  evident  that  the  rate  declines 
somewhat  more  slowly  than  if  it  followed  the  equation  y  =  0.0507**. 


Table  3. 
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Fig.  5,  illustrating  Table  3. 

Upon  being  heated,  Cassiopea  frondosa  b^ns  to  lose  in  rate  at  32.45*^ 
and  all  movement  ceases  at  38.3**  C.  Unfortunately,  I  did  not  make  enough 
observations  to  determine  the  curve  of  the  decline,  but  if  it  be  a  parabola 
its  equation  must  be  3^  »  i.osx^,  and  thus  the  decline  in  rate  upon  heating 
above  the  optimum  is  about  20  times  as  rapid  as  the  decline  on  cooling 
below  the  optimum. 

Table  4  and  figure  6  show  the  decline  in  rate  of  an  AureUia  aurita  from 
Tortugas,  Florida,  cooled  from  28.8^  to  11. 8**  C. 
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Table  4. 


Temperature  of 
■ea-water. 

Pulaations  per 
minute. 

Temperature  of 
■ea-water. 

Pulsations  per 
minute. 

•c. 

28.8 
20.S 
x8.i 
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17 

14 
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X4.6 
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Fig.  6,  illustrating  Table  4. 


sr»ai»tistitM«Ms? 
Fig.  7,  illustrating  Table  5. 


Table  5. — An  AureUia  aurita  at  Tortugas,  Florida^  warmed  from  27,3^  to  36.4^  C. 


Temperature 
of  sea-water. 

Pulsations  per 
minute. 

Temperature 
of  sea-water. 

Pulsations  per 
minute. 

•c. 

27.3 
28.9 

33.8 

39 

24 

•c. 

34.x 

36.XS 

364 

19 
5 

0 

The  parabola  y  =  0.0865**  fits  the  observed  facts  fairly  well. 

Similarly,  table  5  and  figure  7  show  the  decline  in  rate  displayed  by  a 
specimen  of  AurdUa  aurita,  from  Tortugas,  which  was  heated  from  27.3^ 
to  364®  C,  and  the  actual  conditions  are  fairly  well  represented  by  the  curve 
y  "  0.515^,  showing  that  in  heating  the  rate  declines  about  6  times  as 
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rapidly  as  it  does  on  cooling;  the  case  being  in  general  similar  to  that  of 
Cassiopea  xamachana,  where  the  rate  of  decline  upon  heating  is  about  8 
times  as  rapid  as  in  cooling. 

Hitherto  we  have  considered  only  tropical  forms  or  animals  living  in 
the  tropics,  and  in  these  we  see  that  a  definite  temperature  of  maximum 
activity  is  well  shown  in  their  temperature  reactions.  Thus  for  C.  xama- 
chana  the  optimum  is  about  33®  C,  for  C.frondosa  28.5®  to  32.5®,  for  AureUia 
aurita  29^,  for  the  movements  of  the  branchial  arms  of  Lepas  fascicularis  it 
is  about  32**  C,  and  for  the  reef  corals  it  ranges  between  30®  and  35.7**  C. 
Thus  the  optimum  temperature  is  very  close  to  the  usual  temperature  of 
the  sea-water  itself,  this  being  about  28^  to  31^  in  summer.  Even  a  slight 
d^^ree  of  cooling  or  heating  beyond  the  optimum  causes  a  decided  falling- 
off  in  rate. 

A  very  different  picture  is  presented  by  the  arctic  scyphomedusa  Cyanea 
arctica,  from  Halifax,  Nova  Scotia,  in  September,  for  here  the  optimum 
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Fig.  8. 


temperature  ranges  from  about  2^  to  21^  C,  the  animal's  rate  of  pulsation 
increasing  only  slightly  as  the  temperature  rises,  and  with  an  ill-defined 
maximum  at  about  19^  C.  Upon  cooling  below  2^  C,  the  medusa  pulsates 
until  the  ice  imprisons  it,  although  its  rate  declines  rapidly.  Similarly,  if 
we  heat  it  above  21®  C.  the  rate  declines  at  about  the  same  rate  as  it  does 
upon  cooling  from  2®  C.    All  movements  cease  at  about  27**  C. 

The  same  general  conditions  are  also  shown  by  AureUia  aurita  from  the 
cold  waters  of  Nova  Scotia,  in  marked  contrast  with  its  behavior  at  Tor- 
tugas. For  example,  at  Halifax,  Nova  Scotia,  in  September,  when  the 
harbor  water  is  about  14®  C,  the  optimum  temperature  for  AureUia  is 
anywhere  from  2®  to  18°  C.  and  it  ceases  to  pulsate  at  — 1.4**  and  at  29.4**  C. 
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At  Tortugas,  on  the  other  hand,  a  very  slight  departure  in  temperature  either 
above  or  below  29**  C.  causes  a  decided  falling-off  in  rate. 

The  contrast  between  the  behavior  of  Aurellia  at  Tortugas  and  at 
Halifax  is  shown  in  figure  8  wherein  the  ordinates  represent  average  rates  of 
pulsation  and  the  abscissae  temperatures,  the  curve  ABC  applying  to  the 
medusa;  from  Halifax,  while  FDE  shows  the  general  reactions  of  the  same 
species  from  the  warm  waters  of  Tortugas,  Florida. 

The  wide  range  in  temperature  in  which  these  northern  forms  are  about 

normal  or  only  slightly  increasing  in  activity  accords  with  the  fact  that 

tropical  marine  animals  are,  physiologically  speaking,  but  poorly  adjusted 

to  their  temperature  environment  in  comparison  with  creatures  of  colder 

waters,  for  the  tropical  forms  live  near  their  upper  death-points  and  slight 

elevation  in  temperature  affects  them  adversely.     Nor  are  they  capable  of 

withstanding  the  same  proportionate  degree  of  cold  as  do  northern  forms, 

as  may  be  seen  after  every  severe  "norther"  in  winter,  when  the  Florida 

beaches  are  strewn  with  reef  fishes  which  have  succumbed  to  the  cold> 

although  the  temperature  of  the  water  over  the  reefs  in  these  storms  rarely 

declines  below  17**  C. 

Table  6. 


Name  of  coral. 

Tempera- 
ture at 
wUch 
death 

LoweM 
tempera- 
ture 

without 

apparent 

injury. 

Temperature 

at  which  ten- 

tacks  were 

most  fully 

expanded. 

Temperature 

at  which 

tentacles 

retracted  and 

movements 

ceased. 

Highest 
tempera- 
ture 

without 

apparent 

injury. 

Temperature 

at  which 

death 

occurs. 

Siderastnea  radians> 

Siderastrsea  ddeiea* 

Mcandra  Kieolata* 

4.5 
5.1 

1.9  to  6.7 
11.3 
xo.a 
X5.3 

32.5  to  35.7 

35.7 

38.2 
37.8 
35.9 
37.7 
36.x 
38.2 
36.7 
36.7 
36.x 
36.2 

38.S 

38.3 

36.7 

38.2 

37.8 
37.2  to  384 

37.7 

37.7 

37.2 

36.8 
below  374 

!l:r 

35.8  to  37 

35.8 
36.4 

30  to  34.3 
31.3 

31. 8  to  35.3 

34.4 

Mcandia  divoea^ 

Manicinia  gyrom 

3  hrs.    at 
xo.a 

32.65 

32.8 

33.7 

36.4 

34.5  to  34.9 

34.3 

34.7 

Porites  davaria* 

Porites  astneoides' 

Favia  f ragum* 

15.3 

Orbicella  annularis* 

OrbiceUa  cavemoaa 

AjaHcia  tp. 

X4.X 
above  8.4 

16 

Miusa  (Isopbyllia)  dipncea. 
Mussa  (Isophyllia)  rigida. . . 

OcuUna  ditfiua 

X5.6 

X4.X 

36.x 
36.8 

11:1 

33.75 
33.75 

34.7 
34.7 

Madrepora  (Acropoia)  pal- 
mata 

Eusmilla  aspera  (knorri) . . . 

17 

>  Survives  without  apparent  injury  after  being  for  9 

hours  at  xx.2^  to  xa.x^  C. 
s  Survives  X3^  to  X4.4''  C.for  9  hours;  half  killed  by 

xx.2^  to  X3.I*'  for  9  hours. 
*  Apparently  uninjured  by  X3.2-X5.i^  for  X0.5  hours. 
I  by  13**  to  X4.4«  for  9  hours. 


•  Nearly  killed  by  13.2**  to  xs.x°  for  10.5  hours. 

•  Not  injured  by  X3.85*'  to  x6.8*  for  9  hours. 
'  Killed  by  X4<'  to  X5**  for  9  hours. 

•  Injured  but  survived  X3.8S®  to  16.8®  for  9  hours. 

•  Killed  by  14*  to  X5.8<*  for  9  hours. 
^Killed  by  X3.3'  to  15*  C.  for  9  hours. 


The  reef  corals  are  interesting,  for,  as  is  well  known,  they  are  restricted 
to  tropical  seas.  Accordingly,  the  vital  limits  in  respect  to  temperature 
of  the  18  most  abundant  reef  species  of  the  Florida-Bahama  region  were 
studied.*  The  results  are  presented  in  table  6,  the  method  pursued  being 
the  same  as  in  all  other  experiments  recorded  in  this  paper:  the  corals  were 

1  Experiments  upon  corals  of  the  Great  Barrier  Reef  of  Australia,  near  Torres  Straits,  show  that  their 
temperature  reactions  are  on  the  wliole  similar  to  those  of  the  corresponding  Atlantic  genera.  Thus  natural 
selection  has  not  aided  the  Florida  corals  in  withstanding  cold,  or  improved  the  resisting  powers  of  the  Pacific 
forms  in  respect  to  heat. 
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placed  in  large  glass  aquaria  and  the  temperature  was  raised  slowly  at  the 
rate  of  about  2^  C.  per  hour,  with  frequent  stirring  of  the  water.  Time  is 
an  important  factor  in  these  experiments,  for  animals  can  withstand  a 
higher  degree  of  heat  if  the  temperature  be  raised  quickly  than  if  it  be  raised 
slowly.  These  experiments  were  made  during  May-July  1912,  at  Golding 
Cay,  Andros  Island,  Bahamas,  and  at  Tortugas,  Florida,  when  the  normal 
temperature  of  the  sea-water  ranged  from  27**  to  29.5®  C.  as  shown  in  table  6. 

It  appears  that  the  reef  corals  at  Tortugas,  Florida,  live  in  water  which 
is  commonly  within  10®  C.  of  their  upper  death-temperature,  and  if  the  ocean 
were  heated  to  38®  C.  (100.4**  ^0  ^^Y  ^^^  species,  Siderastraa  fadians,  could 
survive.  This  form  lives  on  the  shallow  flats,  often  in  places  where  the 
circulation  is  imperfect  and  where  wide  temperature  ranges  occur.  Ac- 
cordingly, it  is  also  the  species  most  resistant  to  cold,  withstanding  6®  to 
7**  C.  without  apparent  injury,  but  usually  being  killed  at  about  4.5**  C. 
(40**  F.),  although  one  individual  survived  without  apparent  injury  after 
being  at  a  temperature  of  1.9**  C.  (35.4®  F.)  for  11  hours. 

Next  to  Siderastraa  radians  the  most  resistant  coral  is  S.  siderea,  although 
it  lives  in  relatively  deep  water  on  the  outer  reefs,  where  the  circulation  is 
of  the  best  and  the  temperature  range  is  therefore  slight.  It  is  associated 
in  its  habitat  with  Orbicella  annularis,  one  of  the  most  sensitive  of  the  reef 
corals,  which  is  killed  at  14.  i®  and  36.8**  C. 

In  general,  however,  the  corals  of  the  shallow-reef  flats,  such  as  Sider- 
astraa  radians,  Porites  furcata,  and  Mcsandra  areolata,  are  the  most  resistant 
both  to  heat  and  cold,  while  those  of  deep  water,  such  as  Madrepora  palmata, 
EusmUia  knorri,  and  Oculina  diffusa,  are  the  least  resistant. 

Forms  such  as  Porites  clavaria,  P.  astrtBoides,  Mceandra  muricata,  Orbi- 
cella annularis,  0.  cavernosa,  and  Favia  fragum,  which  usually  live  in  fairly 
shallow  but  freely  circulating  water,  all  show  moderate  powers  of  resistance. 

The  air-temperature  at  Tortugas  commonly  ranges  from  a  maximum  of 
98®  F.  in  summer  to  about  60°  F.  in  winter,^  and  the  coldest  "northers"  in 
winter  appear  to  reduce  the  temperature  of  the  water  over  the  reefs  to  about 
17.2°  C.  (63°  F.).  In  view  of  this  fact,  the  more  abundant  reef  species 
were  maintained  at  about  13.9^  C.  (57^  F.)  for  periods  of  at  least  9  hours. 

As  a  result,  we  are  led  to  conclude  that  were  the  water  cooled  by  an 
exceptionally  prolonged  norther  to  13.9^  C.  for  9  hours,  Siderastrcea  radians, 
S,  siderea,  and  Mceandra  areolata  would  survive  without  apparent  injury, 
while  Porites  furcata,  P.  clavaria,  Maandra  clivosa,  and  Favia  fragum  would 
also  survive,  but  with  more  or  less  injury,  the  first-named  being  the  most 
resistant.  On  the  other  hand,  this  temperature  would  be  fatal  to  Orbicella 
annularis,  Porites  astrceoides,  and  Madrepora  muricata  (cervicornis). 

The  observations  cited  above  are  upon  the  death-temperatures,  but  the 
temperatures  at  which  the  feeding  reactions  and  normal  metabolic  processes 
cease  are  much  more  significant,  for  naturally  an  animal  can  not  long  survive 

1  In  the  jrear  from  June  i.  ipxa,  to  May  31.  X9X3.  the  air  temperature  at  Tortugas  ranged  from  95^  to 
65.5**  F.  aa  determined  by  a  self-recording  thermometer. 
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in  water  in  which  it  can  neither  move  nor  function.  Unfortunately,  how- 
ever, no  observations  were  made  upon  this  interesting  point;  but,  crude  as 
they  are,  the  experiments  show  why  it  is  that  most  of  these  reef  corals  can 
not  enter  the  waters  of  the  temperate  regions  and  demonstrate  that,  in  com- 
mon with  other  marine  animals,  they  live  at  temperatures  within  about  5®  of 
their  temperature  of  maximum  activity  and  within  10®  of  their  death  tem- 
peratures. Thus  the  factor  of  safety  in  respect  to  elevation  of  temperature 
is  far  less  in  tropical  than  in  temperate  marine  animals,  and  they  are, 
relatively  speaking,  poorly  adjusted  in  a  physiological  sense  to  their  tem- 
perature environment;  slight  differences  in  temperature  producing  a  more 
serious  effect  than  is  observed  to  result  from  similar  temperature  changes 
with  the  marine  animals  of  the  temperate  regions.  Moreover,  paradoxical 
as  it  may  seem,  tropical  marine  animals  can  withstand  cooling  better  than 
they  can  survive  heating  above  their  normal  life-temperature.  High  tem- 
perature appears  to  cause  death  by  asphyxiation,  the  oxygen  of  the  sea- 
water  becoming  insufficient  to  support  the  augmented  metabolic  activity 
of  the  animal. 
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THE  RELATION  BETWEEN  THE  DEGREE  OF  CONCENTRATION  OF  THE 

ELECTROLYTES  OF  SEA-WATER  AND  THE  RATE  OF 

NERVE-CONDUCTION  IN  CASSIOPEA. 


By  Alfred  Goldsborough  Matbr. 


CONCLUSIONS. 

If  sea-water  be  diluted  with  distilled  water,  or  with  a  0.9  molecular 
solution  of  dextrose,  thus  preserving  its  normal  osmotic  pressure  but 
reducing  the  concentration  of  the  cations  of  sodium,  magnesium,  calcium, 
and  potassium,  the  rate  of  nerve-conduction  increases  as  dilution  proceeds, 
becoming  most  rapid  in  90  per  cent  sea-water  +  10  per  cent  distilled  water 
or  dextrose.  In  80  per  cent  sea-water  it  is  again  about  normal  in  rate,  and 
in  successively  lowered  concentrations  it  declines  in  a  right-line  ratio.  The 
curve  for  rate  of  nerve-conduction  in  sea-water  diluted  with  distilled  water 
is  practically  identical  with  that  for  sea-water  diluted  with  0.9  molecular 
dextrose,  thus  showing  that  the  changes  in  rate  are  due  to  changes  in  concen- 
tration of  the  electrolytes  and  not  to  osmotic  pressure.     (See  fig.  6,  page  40.) 

If  sea-water  be  diluted  with  a  solution  of  0.487  molecular  sodium 
chloride  dissolved  in  0.075  molecular  dextrose,  thus  preserving  the  normal 
concentration  of  sodium  in  sea-water  and  the  normal  osmotic  pressure  of 
the  sea-water,  the  rate  of  nerve-conduction  is  most  rapid  in  about  90  per 
cent  sea-water  +  10  per  cent  of  this  solution  and  then  declines  becoming 
about  normal  in  rate  in  80  per  cent  sea-water  +  20  per  cent  of  the  (NaCl  + 
dextrose)  solution,  after  which  it  declines  in  a  right-line  ratio  upon  further 
dilution,  but  more  slowly  than  if  the  sea-water  had  been  diluted  with  dis- 
tilled water  or  dextrose.  Thus  the  sodium  cation  is  an  active  stimulant 
for  nerve-conduction.     (See  fig.  7,  page  43.) 

Similar  experiments  with  the  magnesium  cation  show  that  it  is  not  a 
stimulant  for  nerve-conduction,  being  no  more  effective  in  this  respect  than 
is  distilled  water.  Thus  it  is  inert  and  nontoxic,  and  exhibits  only  neg- 
ative properties  and  probably  it  should  not  be  classed  as  an  active  inhibitor. 
Speaking  crudely,  its  rfile  in  respect  to  sodium  in  sea-water  is  comparable 
to  that  of  the  nitrogen  of  the  air  in  relation  to  oxygen.     (See  fig.  9,  page  47.) 

In  very  slight  excess  the  potassium  cation  produces  a  permanently 
stimulating  effect,  as  does  sodium,  but  in  denser  concentration  it  produces 
momentary  stimulation  of  the  rate  of  nerve-conduction  followed  by  de- 
pression. In  all  essential  resf)ects  the  effects  of  potassium  are  similar  in 
kind,  but  more  marked  in  d^^ree,  to  those  of  its  close  chemical  ally, 
sodium. 

27 


Digitized  by 


Google 


28  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

I  can  not  determine  the  individual  effects  of  the  calcium  cation  owing  to 
its  habit  of  associating  itself  with  the  sodium,  thus  enabling  the  sodium  to 
offset  the  effects  of  magnesium. 

The  laws  stated  above  for  the  rate  of  nerve-conduction  apply  also  with 
modifications  of  detail  to  the  rate  at  which  the  motor  centers  (the  rhopalia) 
generate  the  stimuli  which  produce  the  nerve-impulse.  The  rhopalia  are, 
however,  more  readily  affected  by  osmotic  and  by  concentration  changes 
than  are  the  nerves,  and  I  have  not  observed  any  increase  in  rate  upon 
diluting  the  sea-water  with  distilled  water  or  dextrose.  Any  change  in 
concentration  either  above  or  below  that  of  normal  sea-water  produces 
depression  in  the  action  of  the  rhopalia. 

Attention  may  be  directed  to  an  explanation  of  the  apparent  converse 
relation  between  the  activities  of  muscles  and  dlia  in  trochophores,  cteno- 
phores,  and  other  forms  having  well-differentiated  cilia  which  move  in  a 
coordinated  manner.  In  all  these  cases  the  normal  muscular  tonus  of  the 
animal  produces  a  state  of  tension  over  the  outer  skin,  thus  pressing  upon 
the  dlia-bearing  cells  and  reducing  or  even  stopping  their  movement.  When 
this  tonus  is  relieved,  however,  the  dlia  beat  rapidly.  Thus  magnesium 
reduces  the  muscular  tonus,  but  its  depressant  effect  upon  cilia  is  not  so 
marked  as  upon  the  musdes,  and  the  dlia-bearing  cells  being  relieved  of 
pressure  beat  with  abnormally  great  activity  in  such  a  solution. 

Sodium,  on  the  other  hand,  contracts  the  musdes,  thus  increasing  the 
pressure  upon  the  dlia-bearing  cdls  and  stopping  the  movement  of  their 
dlia.  Hence  this  converse  relation  between  neuro-muscular  and  dliary 
movement  is  a  mechanical,  not  a  chemical,  matter.^ 

THE  GENERAL  NATURE  OF  THE  PULSATION-WAVE. 

Cassiopea  xamachana  is  a  very  favorable  animal  for  physiological  experi- 
mentation, for  it  normally  lives  in  semi&tagnant  lagoons  and  is,  therefore, 
rdatively  insensitive  to  changes  in  osmotic  pressure  due  to  concentration 
or  dilution  of  the  sea-water.  Moreover,  as  there  is  probably  a  considerable 
amount  of  dissolved  COs  in  its  normal  environment,  and  as  the  medusa 
is  infested  with  symbiotic  plant-cells,  it  thrives  remarkably  well  in  aquaria, 
there  being  practically  no  deaths  due  to  confinement  under  laboratory 
conditions. 

In  this  series  of  experiments,  whenever  the  animals  were  placed  in  a 
new  solution  they  were  permitted  to  remain  in  a  large  quantity  of  it  for  at 
least  an  hour  with  several  changes  before  the  effect  of  the  new  solution  was 
determined  by  a  kymograph  record.  In  this  manner  the  ultimate  condition 
of  penetration  and  balance  between  the  animal  and  the  surrounding  solu- 
tion was  secured.  The  relative  concentrations  of  the  solutions  were  deter- 
mined by  titration  with  AgNOg  and  potassium  chromate. 

The  effects  described  are  all  practically  reversible,  and  fatal  or  seriously 
injurious  degrees  of  dilution  of  ions  were  avoided,  so  that  when  the  animals 

1  Mayer  (i9xa)t  Cteiioi>boret  of  the  Atlantic  Coast  of  North  America,  p.  as*  Cam.  Init.  Waah. 
Pub.  No.  x63. 
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were  returned  to  sea-water  they  soon  regained  most  of  their  normal  rate 
and  amplitude  of  pulsation. 

The  stimuli  which  cause  pulsation  normally  arise  in  the  motor  centers 
called  rhopalia,  or  marginal  sense-organs,  of  which  there  are  usually  about 
16  in  Cassiopea  xatnachana,  although  they  may  vary  in  number  from  9  to  23. 
It  appears  that  this  normal  stimulation  is  due  to  the  constant  formation  of 
sodium  oxalate  in  the  rhopalia,  thus  precipitating  calcium  oxalate  to  form 
the  crystals  of  the  sense-club  and  setting  free  ionic  sodium,  which  is  a  most 
powerful  stimulant.^ 

The  pulsation-rate  of  the  normal  medusa  is  therefore  the  rate  at  which 
its  motor  centers  can  produce  successive  stages  of  stimulation.  This  is 
always  much  slower  than  the  rate  at  which  the  nerves  can  conduct  the  pulsa- 
tion-wave around  the  subumbrella  of  the  medusa,  and  there  is  a  long  pause 
after  each  contraction,  during  which  the  animal  remains  unstimulated 
and  hence  inactive. 

Cassiopea  is,  however,  an  excellent  animal  for  physiological  studies 
upon  nerve-conduction,  on  account  of  the  ease  with  which  we  may  dis- 
pense with  the  motor  centers  and  yet  maintain  a  continuous  neurogenic 
pulsation-wave  in  the  subumbrella  tissue.  This  method  was  devised  and 
described  by  Mayer,  1906,  p.  22,  and  it  consists  in  cutting  off  the  rhopalia, 
thus  paralyzing  the  nervous  network  of  the  subumbrella.  Then  the  sub- 
umbrella tissue  is  cut  into  the  form  of  a  ring-shaped  strip,  and  a  pulsation- 
wave  is  started  in  one  direction  in  this  ring,  so  that  it  must  continue  to 
travel  around  the  ring,  being  in  effect  entrapped  within  the  circuit  of  tissue 
through  which  it  must  continually  progress  in  one  direction,  a  single  stimulus 
often  maintaining  itself  in  this  manner  for  days  at  a  time. 

Such  entrapped  circuit-waves  are  of  course  not  peculiar  to  Cassiopea, 
for  they  may  be  started  and  maintained  in  ring-shaped  strips  of  the  ventricle 
of  the  heart  of  the  sea  turtle,  Caretta  caretta,  in  the  hearts  of  fishes,  or  in 
other  scyphomedusae.  We  may  thus  study  the  operations  of  the  nervous 
network  as  a  continuous  transmitter  of  a  single  pulsation-stimulus. 

As  has  been  said,  the  nerves  transmit  this  stimulus  around  the  bell 
much  more  rapidly  than  the  motor  centers  can  engender  it.  For  example, 
a  medusa,  which  normally  gave  45  pulsations  per  minute,  was  deprived  of 
its  rhopalia  and  cut  into  the  form  of  a  ring,  and  a  pulsation-wave  then 
traveled  constantly  around  this  ring  at  the  rate  of  129  turns  per  minute. 
This  ring  also  responded  without  missing  a  pulsation  to  152  Faradaic  shocks 
per  minute,  and  it  followed  190  shocks,  responding  by  a  separate  con- 
traction to  each  one  for  about  3  minutes,  after  which  it  occasionally  failed 
to  respond,  following  alternate  stimuli.  Many  experiments  of  this  sort  were 
made,  always  with  the  same  general  result,  and  it  is  evident  that  the  nerves 
and  muscles  can  react  to  successive  stimuli  with  greater  frequency  and  at 
shorter  time-intervals  than  they  are  called  upon  to  respond  in  nature. 

It  is  evident,  then,  that  there  is  a  considerable  "factor  of  safety"  in  the 
normal  medusa,  and  that  the  motor  centers  initiate  pulsation-stimuli  at  a  rate 


^  Mayer,  1908,  p.  130. 
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much  slower  than  that  to  which  the  nervous  network  and  the  underlying 
muscles  can  respond,  and  thus  the  danger  of  muscular  fatigue  is  avoided. 

As  has  been  pointed  out  by  Romanes  (1885),  Bethe  (1903),  and  Harvey 
(191 1),  there  must  be  some  mechanism  of  adjustment  by  virtue  of  which 
the  wave  travels  at  a  faster  rate  around  the  rim  than  at  points  nearer  the 
center  of  the  subumbrella,  the  rate  being  directly  proportional  to  the 
length  of  the  radius  of  the  zone  of  pulsation. 

In  order  to  determine  the  average  rate  of  transmission  of  the  pulsation- 
impulse  by  the  nervous  network,  eight  separate  rings  were  cut,  one  from  each 
of  eight  Cassiopea  xamachana.  These  rings  were  each  90  mm.  in  outside 
diameter,  67  mm.  in  inside  diameter,  and  11.5  mm.  wide.  Thus  the  mean 
diameter  of  each  ring  was  78.5  mm.  and  its  mean  circumference  247  mm. 


Table 

.  I. 

Ring  No.  on  record  No.  i. 

Diameter 

of  mediwa 

from  wliich 

the  ring 

watcut. 

Times  per 
minute 

wave  went 

around 

ring. 

Distance 

wave 

traveled 

per  second. 

Temi)era- 
ture. 

I 

mm, 
98 
no 
109 
III 
no 

X08 
lis 

117 
1x6 

\U 

X04.S 
X03 
X03 
93-5 

mm, 

429.5 
422 
422 
384 

0 

3045  c. 

28 

29.7 

29.8 

29.8 

29.S 

30.3 

28.S 

2 

7 

*6::::::::::::::;:::::;: 

3 

« 

I:::::::;:::::::::.:::: 

4 

Av.  condition 

,07 

X07 

440 

28.9 

*  Tliis  ring  exhibits  pulsus  aliemans.    For  an  explanation  of  this  phenomenon,  see 
G.  A.  Mines,  1912,  Prcx:.  Cambridge  Pliilosophical  Society,  vol.  x6,  p.  6x7* 

The  results  obtained  from  the  kymograph  record,  figure  i,  are  stated 
in  table  i,  which  shows  the  rate  of  nerve  transmission,  in  millimeters  per 
second,  determined  in  natural  sea-water,  ranging  in  temperature  from  28** 
to  3045"*  C. 

These  8  medusae  ranged  from  97  to  115  mm.  in  diameter,  and  their 
pulsation-waves  traveled  at  rates  varying  from  384  to  481  mm.  per  second, 
the  average  being  440  at  an  average  temperature  of  28.9®  C.  In  these 
experiments,  the  rate  of  transmission  bears  no  relation  to  the  size  of  the 
medusa. 

All  experiments  show  that,  as  in  other  invertebrates,  strong  stimuli 
travel  faster  than  weak  ones.  Thus  should  a  ring  stop,  we  can  not  start 
it  again  and  continue  the  same  series  of  experiments  with  it,  for  the 
new  stimulus  is  almost  certain  to  differ  in  strength  from  the  former  one; 
or,  if  all  care  be  taken  to  make  the  successive  electrical  stimuli  as  nearly 
as  possible  identical  in  strength,  they  will  be  received  differently  by  the 
tissue  and  the  resulting  pulsation-waves  will  differ  in  rate.  Thus  a  ring 
must  remain  in  pulsation  throughout  the  entire  series  of  experiments  that 
one  performs  upon  it  or  no  conclusions  can  be  drawn  respecting  the  relative 
rates  of  its  pulsation-stimulus  in  the  various  solutions. 
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On  the  other  hand,  temperature,  purity  of  water,  etc.,  being  unchanged, 
the  rate  remains  nearly  constant  for  any  single  stimulus.  Thus  Harvey 
(191 1,  p.  131)  maintained  such  a  ring  in  pulsation  for  11  days  at  an  average 
velocity  of  774  mm.  per  second.  I  once  had  a  ring  which  remained  in 
pulsation  for  6  days,  the  wave  traveling  from  200  to  206  times  per  minute 
around  the  ring.  The  rings  live  for  two  or  more  weeks  and  exhibit  abortive 
efforts  at  regeneration,  but  being  without  means  of  obtaining  food  they 
gradually  decline  in  size  and  die. 
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Fig.  I. 

These  pulsating  rings  are  usually  almost  machine-like  in  their  uni- 
formity of  rate  under  unchanged  environmental  conditions;  but  while  the 
rate  of  nerve-conduction  remains  quite  constant,  the  muscles  become 
fatigued  and  thus  the  amplitude  of  pulsation  steadily  declines,  becoming 
much  reduced  at  the  end  of  a  few  days.  Thus  the  muscles  fatigue  more 
readily  than  do  the  nerves. 

Kymographic  records  enable  us  to  study  not  only  the  rate,  but  the  form 
of  the  pulsation-wave,  and  this  is  important;  for  in  order  that  comparisons 
may  be  made  it  is  necessary  that  the  character  of  the  wave  should  not  change 
throughout  the  series  of  tests  to  which  the  ring  may  be  subjected  in  the 
course  of  any  one  set  of  experiments. 

For  example,  the  series  of  lines  on  the  record  (fig.  2) ,  which  were  obtained 
from  a  single  medusa,  can  not  safely  be  compared  one  with  another  and  the 
record  is  therefore  worthless,  on  account  of  the  tendency  of  the  pulsation- 
stimulus  to  break  up  into  two  waves,  the  one  following  the  other  at  the 
same  or  at  different  rates  as  in  lines  i  and  3  from  the  top  of  the  figure;  or, 
the  wave  may  break  up  into  a  complex  series  of  strong  and  weak  wavelets 
due  to  spontaneous  excitement,  as  in  line  5. 
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When  a  simple  contraction-wave  breaks  up  into  two  or  more  wavelets, 
the  one  following  the  other,  the  rate  declines,  for  strong  stimuli  travel  faster 
than  weak  ones;  and  if  an  originally  unitary  wave  divides  into  two,  the 
stimulus  represented  by  each  component  wavelet  is  naturally  less  than  that 
of  the  wave  as  a  whole.    Thus  a  ring  which  gave  i68  pulsations  per  minute 

I  ^^^^^^^^\^^^^SA^^>^^^^W^^^ 


Fig.  2. 

with  a  unitary  wave  gave  only  132  per  minute  when  this  wave  broke  into 
two  component  wavelets,  the  one  following  the  other  around  the  ring. 
Moreover,  if  two  waves  follow  one  behind  the  other,  the  tissue  does  not 
enjoy  so  long  a  resting-period  as  if  one  simple  wave  were  in  the  circuit, 
and  a  certain  time  must  be  permitted  to  pass  before  the  muscles  which  have 
responded  by  a  contraction  can  again  fully  respond  to  another  stimulus. 
In  some  rings  the  tissue  may  give  a  strong  response  only  to  every  alternate 
or  even  every  third  return  of  the  wave,  showing  that  the  muscles  which 
have  very  recently  contracted  can  not  again  give  a  maximal  response  until 
a  certain  resting-time  has  elapsed.  This  was  first  observed  in  the  muscles 
of  Scyphomedusae  by  Romanes,  1885,  and  has  been  studied  in  detail  by 
Bethe  (1903  and  1908).     (See  line  6  of  fig.  i.) 

For  these  reasons,  a  double  wave  caused  by  the  breaking  up  of  an 
originally  unitary  impulse  moves  slower  than  did  the  parent  wave.  Gener- 
ally speaking,  when  a  ring  is  first  set  into  pulsation  by  electrical  stimulation, 
there  are  a  number  of  secondary  wavelets,  but  these  soon  fuse  into  a  single 
simple  wave,  and  this  unitary  wave  then  rarely  breaks  into  component  parts. 

In  Cassiopea,  as  in  Limulus,  the  stimulus  which  produces  pulsation  is 
neurogenic,  the  muscles  being  incapable  of  spontaneous  pulsation  if  the 
nervous  system  be  eliminated.  Thus  a  o.oi  molecular  solution  of  oxalic 
add  in  sea-water  is  extremely  toxic  to  the  motor  centers  and  nerves  of 
Cassiopea,  a  very  short  immersion  preventing  the  rhopalia  from  ever  again 
giving  rise  to  the  pulsation-stimulus.  The  muscles,  however,  still  remain 
capable  of  contracting  when  stimulated  directly. 

In  this  connection,  Harvey  found  that  in  most  of  the  amines  and  in 
inorganic  hydroxides  the  nerves  cease  to  conduct  before  the  muscles  lose 
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their  power  of  contractibility,  and  under  these  conditions  the  muscles 
respond  only  when  directly  stimulated.  If  the  subumbrella  tissue  be 
heated,  however,  the  nerves  continue  to  function  for  several  degrees  beyond 
the  point  whereat  the  muscles  cease  to  respond  by  contractions. 

The  subject  of  the  neurogenic  nature  of  the  pulsation-stimulus  in 
Cassiopea  is  discussed  by  Mayer  (1906,  p.  19) ;  and,  as  is  well  known,  Carlson 
has  presented  convincing  proof  that  the  pulsation-stimulus  in  the  heart  of 
Limidus  is  neurogenic. 

The  neurogenic  nature  of  pulsation  in  these  invertebrates  is  the  more 
remarkable  because  recent  work  has  decidedly  strengthened  the  myogenic 
theory  for  the  beating  of  the  vertebrate  heart.  Thus  Paton  (1907)  shows 
that  both  the  heart  and  the  axial  muscular  system  of  Pristiurus  functions 
spontaneously  before  the  development  of  definite  nerve-fibrils  from  the 
central  nervous  system,  although  protoplasmic  connectives  are  seen  ex- 
tending from  cell  to  cell,  and  these  may  transmit  impulses. 

Also,  Hooker  (191 1)  findb  that  the  heart  differentiates  and  functions  in 
a  normal  manner  in  frog  embryos  which  have  developed  without  a  central 
nervous  system;  and  a  crucial  experiment  has  been  made  by  Burrows 
(1912),  who  observed  that  single,  isolated  muscle-cells  of  chick  hearts,  if 
placed  in  proper  media,  pulsate  as  does  the  heart  itself. 

As  the  experiments  of  which  we  are  about  to  speak  involve  alterations 
in  the  composition  of  the  sea-water,  it  is  important  that  we  should  under- 
stand the  composition  of  the  Tortugas  sea-water  in  respect  to  the  cations 
of  sodium,  magnesium,  calcium,  and  potassium.  Accordingly  the  follow- 
ing analysis  of  such  of  its  components  as  may  affect  the  experiments  is 
presented. 

COMPOSITION  OF  TORTUGAS  SEA-WATER. 

As  a  deduction  from  George  Steiger's  analysis,^  made  under  the  direc- 
tion of  Professor  F.  W.  Clarke,  it  appears  that  in  so  far  as  its  ingredients 
(sodium,  magnesium,  calcium,  and  potassium)  are  concerned,  we  may  make 
up  Tortugas  sea-water  by  mixing  the  solutions  shown  under  A,  each  being 
practically  isotonic  with  the  others,  and  with  the  sea-water  as  a  whole: 

A.  B. 

8 1. 1    volumes  of  0.6006  molecular  NaCl.  0.487    molecular  NaCl. 

14.36       "        "  0.398  "        MgCl,.  0.0571         "         MgCU. 

2.84       "        "  0.389  "         CaCl^  o.oiio         "         CaCl,. 

1.7         "        "  0.597  "         KCl.  o.oioi         "         KCl. 

100.00 

Thus  any  given  volume  of  Tortugas  sea-water  may  be  considered  to  con- 
sist of  an  atmosphere  composed  as  in  B,  all  occupying  one  and  the  same  space. 

At  25®  C,  however,  this  being  near  the  usual  temperature  of  the 
tropical  sea-water,  the  NaCl  is  dissociated  to  about  75  per  cent;  and  this 
is  also  true  of  approximately  80  per  cent  of  the  MgCls,  88  per  cent  of  the 
CaCls,  and  95  per  cent  of  the  KCl. 

1  Cam.  IniU  Year  Book,  No.  9*  X9io,  p.  xaa. 
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Thus  among  every  4,870  molecules  of  NaCI,  about  1,217  are  at  any  one 

instant  undissociated,  while  3,653  are  dissociated;  or,  expressed  in  tabular 

form  for  the  sea-water  as  a  whole: 

4,870  molecules  of  NaCl    —  1,217  fitted  +  3,653  dissociated. 
571        ;;  MgCl,  -     114  +    457 

no        "  CaClt  -       13  +97 

loi         "  KCl      -        5  +96 

The  NaCI  and  KCI  dissociate  each  into  2  ions,  while  the  MgCls  and 
CaCls  break  up  into  3  each,  thus: 

3»653  dissociated  molecules  of  NaCI  give  3,653  N4  and  3,653  CI'. 

457         "  "  MgCl,  457  Mg    "      914  CI'. 

97         "  "  CaCl,  97  Ca     "       194  CI'. 

96         "  "  KCl  96  k      "  96  CI'. 

Toul 4.303  4»857 

In  other  words,  in  Tortugas  sea-water  for  every  1,000  Na  cations  there 
are  125  Mg,  26  Ca,  26  K;  and  the  anions  may  be  represented  by  1,330  CI'. 

As  is  well  known,  at  least  one-fifth  of  the  CI'  anions  may  be  replaced  by 
the  SO4"  ion  without  appreciable  effect,  this  being  accomplished  when  the 
sea-water  is  made  up  of  sulphates  of  magnesium,  calcium,  and  potassium 
instead  of  chlorides.  The  cations,  on  the  other  hand,  play  a  far  more  defin- 
ite rdle  in  the  control  of  movements;  for  sustained  pulsation  is  impossible 
in  the  absence  of  even  the  least  concentrated  cations,  such  as  CSl  or  R. 

If  the  sea-water  be  concentrated  to  1.69,  by       ^  1     1    xt  i-i 

^'      ^     0.823    molecular  NaCI. 
evaporatmg  100  volumes  of  natural  sea-water  to  59    0.0965       "       MgClt. 

volumes,  the  molecular  concentrations  of  the  various    o-o'^^       "       S?Jr*** 

,  0.0171       **       KCl. 

constituents  becomes: 

This  results  in  a  relative  preponderance  of  the  Mg  ions,  for  the  degree 

of  dissociation  of  the  NaCI  declines  in  a  greater  ratio  than  that  of  the 

MgCU;  for  in  this  concentrated  sea-water  about  70  per  cent  of  the  NaCI  is 

dissociated,  as  are  also  about  77  per  cent  of  the  MgCls,  86  per  cent  of  the 

CaCU,  and  94  per  cent  of  the  KCL    Thus: 

8,230  molecules  of  NaCI   give  2469  fixed  and  5,761  dissociated. 
965        "         "  MgCl,    "       222     "       "       743 
186        "         "  CaClf     "         28     "       "       158 
171        "         "  KCl       "         10    "       "       161 
And  of  the  dissociated  molecules: 

5,761  dissociated  molecules  of  NaCI   give  5,761  Na  and  5,761  C. 
743         "  "         "  MgCl,    "       743  Mg    "    1.486  Cr. 

158       "  "      "  CaCl,    "     158  ca    "     316  cr. 

161       "  "      "  KCl     "  j[6i  K    "     161  cr. 

Total 6,823  7.724 

Hence,  we  see  that  when  the  molecular  concentration  of  the  sodium,  mag- 
nesium, calcium,  and  potassium  is  1.69  times  that  of  natural  sea-water» 
the  concentration  of  the  cations  of  these  salts  is  only  till  or  1.585,  and, 
therefore,  the  concentration  of  the  cations  has  not  quite  kept  pace  with 
that  of  the  sea-water  as  a  whole. 

Moreover,  in  this  concentrated  sea-water,  for  every  1,000  Na  cations 
there  are  129  Mg,  27  Clk,  28  R,  and  1,340  CV  anions.    Thus  the  propor- 
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tionate  concentration  of  Na  has  decreased  with  respect  to  the  other  cations, 
and  as  Na  is  the  most  potent  stimulant  while  Mg  is  the  depressant,  we 
might  expect  the  stimulating  power  of  this  concentrated  sea-water  to  have 
increased  less  rapidly  than  the  ratio  of  concentration,  for  in  natural  sea- 
water  the  ratio  of  the  Mg  to  Na  is  as  i  to  8,  and  in  sea-water  concentrated 
to  1.69  it  is  as  I  to  7.75. 

If,  on  the  other  hand,  the  sea-water  be  diluted  to  50  per  cent  of  its 
natural  concentration  by  mixing  it  with  an  equal  volume  of  distilled  water, 
a  calculation,  similar  to  the  one  given  in  detail  above,  indicates  that  while 
the  molecular  concentration  of  the  dissolved  salts  has  declined  to  0.5  (that 
of  natural  sea-water  being  i),  the  concentration  of  the  cations  is  0.528; 
and  for  every  100  Na  cations  there  are  124  Mg,  26  Ql,  and  25  K  cations, 
and  1,376  CV  anions.  The  results  of  these  several  calculations  are  sum- 
marized in  table  2. 

Table  2. 


Compodtlon  of  solution. 

8.  w.  *8ea-water. 
d.  w.  -difltilled  water. 

Gram-molecular  concentration 
of  the  inorganic  salts. 

Degree  of  dissociation. 

Naa. 

MgCls 

CaClt. 

KQ. 

Naa. 

MgCls. 

CaCls. 

KCL 

100  c.c.  8.  w.+ioo  ex.  of  d.  w 

Natural  vea-water 

.823 

0.0385 
XS7I 

.0965 

0.0055 
.ozzo 

xz86 

0.005 
.ozoz 

XZ7I 

percent 
75 
70 

percent 
77 

percent 
<6 

percent 
96 
95 

94 

zoo  volumes  of  natuial  sea-water  eva- 
Domted  to  %q  volumes 

1 

Composition  of  solution. 

8.  w.  -sea-water, 
d.w. -distilled  water. 

k  cations  for  every  z,ooo 
Na  cations. 

Relative  con- 
centration of 
cations  of 
sea-water. 

Relative  con- 
centration of 
sea-water  as 
a  whole. 

Mg. 

ca. 

k. 

zoo  c*.  8.  w.+zoo  ex.  of  d.  w 

Natural  sea-water 

124 

125 

129 

26 
26 

a7 

28 

0.528 
Z.000 

0.5 
zx 

zoo  volumes  of  natural  sea-water  eva- 
Dorated  to  so  volumes 

1 

_ 

_ 

As  the  osmotic  pressure  of  these  solutions  is  proportional  to  the  respec^ 
tive  sums  of  their  fixed  molecules  and  dissociated  ions,  we  find  that  if  the 
osmotic  pressure  of  Tortugas  sea-water  be  i,  that  of  50  per  cent  sea-water 
is  0.5004,  and  that  of  1.69  sea-water  is  1.64.  Thus,  knowing  that  the 
osmotic  pressure  of  Tortugas  sea-water  is  about  24.8  atmospheres,  that  of 
sea-water  diluted  with  an  equal  volume  of  distilled  water  is  12.4,  and  that 
of  1.69  sea-water  is  40.7  atmospheres.  Table  3  shows  the  relations  between 
the  osmotic  pressures  and  concentrations  of  the  various  solutions  experi- 
mented with  in  this  research,  and  also  the  molecular  concentration  of  a 
solution  of  NaCl  which  is  practically  isotonic  with  each  solution.  We  must 
remember,  however,  that  pure  NaCl  solutions,  such  as  those  mentioned  in  this 
table,  are  not,  strictly  speaking,  comparable  with  those  found  in  sea-water. 
Thus  Osterhout  (191 1)  shows  that  a  pure  NaCl  solution  penetrates  the  mem- 
branes of  plant-cells  more  rapidly  than  if  the  NaCl  is  mixed  with  CaCls 
in  the  proportions  found  in  sea-water.  There  is  also  other  evidence  of  a 
chemical  combination  involving  the  NaCl  and  CaClj  of  sea-water  in  their 
mutual  influence  upon  animals.    For  example,  Mayer  (1906,  p.  49)  states 
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that  in  the  pulsation  of  Cassiopea  the  calcium  of  the  sea-water  assists  the 
NaCl  to  counteract  the  inhibiting  influence  of  magnesium,  and  later  Meltzer 
and  Auer,  in  an  important  series  of  studies  upon  vertebrates,  found  that 
solutions  containing  both  calcium  and  sodium  counteracted  the  inhibiting 
tendencies  of  magnesium.  Experiments  upon  Cassiopea  show  that  cal- 
cium alone  can  not  produce  tetanus  and  does  not  offset  the  effects  of 
magnesium  if  sodium  be  absent,  and  thus  it  appears  that  the  so-called 
''calcium  tetanus"  is  actually  a  result  of  the  association  of  sodium  with 
calcium.  Mines  (191 1  a)  believes  that  calcium  enters  into  combination  with 
cardiac  tissue,  but  magnesium  does  not,  and  our  results  support  this  view. 
Fortunately  for  physiological  experimentation,  however,  Cassiopea  is 
but  little  affected  by  considerable  changes  in  osmotic  pressure,  and  table  3 
is  valid  for  all  practical  purposes. 

Table  3. — Changes  in  osmotic  pressure  and  in  concentration  of  dissolved  salts  in  diluted  and 
in  concentrated  sea-water  from  Tortugas,  Florida, 


Compodtion  of  solution. 

t.  w.  >  tea-water, 
d.  w.  -  distUled  water. 

Relative 

oonoentra^ 

tkm.  that 

ofKa- 

water 

being  i. 

Osmotic 
pressure 
in  atmo- 
spheres. 

Gram- 
molecular 
concentra- 
tion of  an 
isotonic  so- 
luUon  of 
pureNaCl. 

Gram-molecular  concentration  of 
NaCl.  MgCb.  CaClf .  and  KQ  of  sea- 
water  solution,  resarding  sea-water  as 
being  a  solution  of  chlorides. 

Naa. 

MgCls. 

CaClt. 

KCL 

35  c,Ci.w.+65  cx.d.  w 

40                   60               

50                   50               

58                   4a                

60                   40               

66.6                 33.3             

75                     25                 

Pure  ffea-water 

0.35 

.4 

.1. 

.66 

.75 

I 

1.X19 

i!i86 

ill 

1.322 
1407 

\r 

1.69 

8.7 
9.9 

X2.4 

14.4 

X4.9 

nr 
24.8 

28.3 
29.2 
30.6 
31.3 

32.2 
34.2 

11^ 

40.5 
40.7 

0.206 
.236 
.295 
.342 
.354 
.393 
.442 

.59 

.66 
.68 
.70 
.737 

i 

.85 

.94 

.99 

1.00 

0.170 

.295 
.325 
.375 

.487 

? 

.58 

A2 

:?8 

.8x9 

.823 

0.02 
.023 
.028 
.033 

.043 
.0571 

.068 
.07X 

.073 

^' 

.082 
.091 

5SI 

0.0038 
.0044 
.0055 

.00825 

.oxz 

.0123 

.0X26 

.0x3 

.0x37 

.014 

.0145 

.0x54 

.0159 

.0175 

.0X85 

.0186 

0.0035 
.004 
.005 

x>o66 
.0075 

.0X01 
.0X02 

.0X15 

.0XX8 

.0x25 

.0x28 

.0132 

.014 

.0147 

.0X6 

.0x68 

.0169 

xoo  cc  t.  w.  evap'd  to  89.3 

84!3:*.;; 

80    .... 
78.1 .... 
75.7.... 
71.X  .... 
69.a  .... 

62.5 

S9.S  .... 
59     .... 

RELATION  BETWEEN  THE  CONCENTRATION  OF  THE  CATIONS  OF  SEA- 
WATER  AND  THE  RATE  OF  NERVE-CONDUCTION. 

If  we  dilute  sea-water  by  mixing  it  with  distilled  water,  or  concentrate 
it  by  slow  evaporation  at  ordinary  temperatures,  we  not  only  decrease  or 
increase  the  concentrations  of  the  electrolytes,  but  we  change  the  osmotic 
pressure  in  a  nearly  equal  ratio.  We  may,  however,  avoid  lowered  osmotic 
changes  by  diluting  the  sea-water  with  a  0.9  molecular  solution  of  pure 
dextrose,^  which  is  practically  isotonic  with  sea-water,  and  in  this  manner 
we  may  reduce  the  concentrations  of  the  electrolytes  and  at  the  same  time 
maintain  the  normal  osmotic  pressure.  Thus  we  may  determine  the  effect  of 
changes  in  concentration  of  the  electrolytes  independent  of  osmotic  pressure. 

The  results  of  such  experiments  are  shown  in  tables  4,  5,  and  6,  while 
table  7  shows  the  arithmetical  averages  derived  from  the  results  recorded 

>  The  dextrose  used  In  these  experiments  was  the  best  that  could  be  obtained  from  Merck  and  from 
Kahlbaum.  The  accepted  samples  were  tested  for  sodium  and  free  adds  and  found  to  contain  inappreciable 
quantities  of  these  impurities.    The  dextrose  solutions  were  made  up  afresh  each  day. 
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in  tables  4  to  6.  In  all  these  tables  the  rate  is  reduced  to  100  per  minute 
in  natural  sea-water  in  order  to  facilitate  comparisons.  Thus,  if  on  the 
average  the  medusae  actually  pulsated  at  the  rate  of  80  per  minute  in  natural 
sea-water,  and  at  40  per  minute  in  some  other  solution,  these  numbers  would 
become  100  and  50,  respectively,  in  the  tables. 

Sea  water  29*C. 


so  tea.  waters-  ^odUtlUedl    water 


27.%  C. 


so  seiL  w/a-ter   -f   ^odisit^Ued    >y^ter 


2S?X   -  2*t.7 


SeX  water 


75  sea   water  ^  xs    dUtUled     water 


2<».9  C 


Fig.  3. 
Table  4  shows  the  relative  rates  of  nerve-conduction  in  20  rings,  and  of 
pulsation  in  4  normal  medusae  of  Cassiopea  xatnachana  in  sea-water  and  sea- 
water  diluted  with  distilled  water  at  29*^  to  31®  C. 

Table  4. 


Compodtion  of  the  solu- 
tion. 

8.  w.  »sea-water. 
d.w.-disUUed  water. 

OsmoUc 

pressure  in 

atnu>- 

spheres. 

Relative  rates  of  pulsation,  the  rate  In  normal  sea-water 
bdng  xoo. 

Ring 
No.  i.> 

Ring 
No.  2. 

Ring 
No.  3. 

Ring 
No  4. 

Ring 
No.  5. 

Ring 
No.  6. 

Ring 
No.  7. 

Ring 
No.  8. 

Ring 
No.  9 

Natural  sea-water 

9Sp.ct.s.w.+  5P.ct.d.w. 

90                      10 

85                      15 

80                      ao 

75                      2S 

70                      30 

60                       40 

SO                      so 

40                      60 

35                       65 

24.8 
23.6 

Hi 

30.6 

18.6 
17^ 

14-4 

S:? 

100 

100 

xoo 

100 

xoo 

xoo 

100 

xoo 

xoo 

87 

86 

88 

86 

8x 

86 

77 

86 

89 

78 
64 

6s 

58 

81 
62 

67 

1 

Compoeitioii  of  the  solu- 
tion. 

s.  w.  »sea-water. 

d.  w.  "distilled  water. 

Osmotic 
pressure  in 
atmo- 
spheres. 

Relative  rates  of  pulsation,  the  rate  In  normal  sea-water 
being  zoo. 

Ring 
No. 
10. 

Rhig 
No. 

IZ. 

Ring 
No. 

Z2. 

Ring 
No. 
Z3. 

Ring 
No. 
X4. 

Ring 
No. 
15. 

Ring 
No. 
x6. 

Ring 
No. 
17. 

Ring 
No. 
x8. 

Natural  sea-water. 

24.8 
23.6 

Hi 

20.6 
18.6 
17^ 
144 
124 

S:? 

xoo 

zoo 

100 

xoo 

113 

I2X 
XO4 
XXX 

*"87** 

xoo 

"ii* 

*8o* 

xoo 
105 
10  X 
99 
94 

xoo 
108 
113 

XX2 

X04 

xoo 

100 

lOX 

105 

95P.ct.s.w.-i-  5P.ct.d.w. 

II           It 

80                     20 
75                       25 
70                       30 
60                       40 
SO                       SO 
40                       60 
35                       65 

92 

94 

8X 
72 
S3 

*83' 
74.5 

70 

6X.S 

105 
93 
76 

so 

64 

50 

64 

1  See  record,  fig.  3 
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Table  4. — Continued. 


Compodtkm  of  the  idii- 
tion. 

a.  w.  ■■acft-water. 
d.  w.  -diatiOed  water. 

Omotic 

pwaaurete 

atmo- 

Vpheres. 

Rdative  rates  of  pulaatioa.  the  rate  in  normal  sea-water 
beinsioo. 

Ring 
No.  Z9. 

Ring 
No.  30. 

General 
average 
for  the 

30 

rings. 

Nor- 
mal 
me- 
dusa 
No.  I. 

Normal 
medusa 
No.  II. 

Normal 
medusa 
No.  III. 

Normal 
medusa 
No.  IV. 

Normal 
medusa 
No.V. 

Natural  aea-water 

95  p.  ct.B.w.+  5  p.  ct.  d.  w. 
90                    10 
85                     15 

80                           30 

75                     25 

12          To         1 

50                    so                 I 
40                    60 
35                      65 

34{ 

33.6 
33.3 

3Z.8 
30.6 

18.6 
17^ 
u^ 

X2.4 

S:? 

100 
103 
zoo 

S5 

zoo 

83 

97 

ZO6 

zoo 

Z03 
105 
zoz 
Z00.5 
86 
82.5 

1? 

zoo 

zoo 

zoo 

zoo 

zoo 

. .  .... 

33 

57 

30 

3Z 

67^ 
53 

70 
63 

50.5 

90 
60 

30 

30 

7 

3 

z6 
13 

Z3 

13 

7 

, 

Table 

5. 

Composition  of  the  soltttkm. 
s.  w.  "sea-water. 

Relative  rates  (rate  in  pure  sea-water  being  zoo). 

Ring 
No.  z.» 

Ring 
No.  2. 

Ring 
No.  3. 

Ring 
No.  4. 

Ring 
No.  5. 

Ring 
No.  6. 

Ring 

No.  7. 

No.  8. 

NatunJ  sea-water,  salinitsr  36.Z5  p.  ct. 
05  D.  ct.  s.  w.  +  5  D.  ct.  dextrose 

zoo 

zoo 

zoo 

zoo 

zoo 

zoo 

zoo 

zoo 

00                      zo                       



85           zs            :..:: 

80                                30                                 

75                        25                          

7Z                        29                         ..... 

86 

86 

86 

92 

98 

96 

98 

66.6                     33.3                       

60                        40                          

S8                        43                          

80 

76.5 

73 

78 

73 

89 

70 

50                       SO                         

55.5 

63 

63 

75 

51 

1 

Composition  of  the  solution. 
8.  w.  -sea-water. 

Relative  rates  (rate  in  pure  sea-water  being  zoo). 

Ring 
No.  9. 

Ring 
No.  zo. 

Ring 
No.  zz. 

Ring 
No.  Z3. 

Ring 
No.  Z3. 

Ring 
No.u- 

Ring 
No.  zs. 

Ring 
No.  z6. 

Natural  sea-water,  salinltjr  36.Z5  p.  ct.. 
95  p.  ct.  s.  W.+  5  p.  ct.  dextrose 

zoo 

zoo 
zoz 

zoo 

zoo 

zoo 

zoo 
103 
zoz 

zoo 

zoo 

00                     zo                       ..... 

Z04 

105 

Z03 

85           z5            :.... 

zoz 
Z00.5 

103 
97^ 

50                             30                                

98 
95 

75                        25                          

71                        29                          

66.6                    33.3                      

96 

83 

86 

92 

60                       40                         

58                       43                         

59 

79 

69 

50                       50                         

47 

55 

47 

■ 

1 

Composition  of  the  solution. 
8.  w.  -sea-water. 

Relative  rates  (rate  in  pure  sea-water  being  zoo). 

Ring 

No.  Z7. 

Ring 
No.  z8. 

Ring 
No.  Z9. 

Ring 
No.  30. 

(Sen.  av.  30 
rings. 

Normal 
medusa 
No.  I.« 

Normal 
medusa 
No.  II.» 

Natural  sea-water,  salinity  36.Z5  p. 
ct. 

zoo 

zoo 
105 
lis 

zoo 
114 
Z09 

zoo 
96 

zoo 

Z04 
zoo 

zoo 

zoo 

95  p.  ct.  s.  w.  +  5  p.  ct.  dextrose. 

90                      zo 

85                       15 

80                          30 

75                       25 

71                        29 

66.6                      33^ 

60                         40 

58                          42 

50                           SO 

Z03 
99 

Z08 

105 

zoo 

47 

23 

66.5 

73 

2 

<o 

<7 

c8 

c6.< 

>See  record,  fig.  ^ 

*  Six  hours  after  being  restored  to  sea-water,  rate  was  neariy  normal  with  amplitude  lower  than  normal 

*  When  restored  to  sea-water,  this  medusa  pulsated  at  about  two-thirds  normal  rate.    See  record,  fig.  5 
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sea.  v^ater  z^^ 

7sr  Sea*  water    ^   isdoitroie^ 


z%*.%  C 


50  sea    water    ^    so  dextrose 


2.«*C 


*>o   sea.     water     -^    50  dextrose 

sea.  wa.ter  2%!^  C 

Fig.  4. 


50  di&tiLlea   ><vater   -%-     5  0  sea  w^a-ker 


Z^f'^C 


sea    waiter  ZS!iC 


v-A.-/K^^  rv  /y  /v 


r^    r^  r^  r^    ^- 


3^.33   dejttrose    -^  G4.&4    s^a.  >MAt€T 


3i:i5    C 


i^z  de)t  t  rose  4-    5%  sea  v/ater 


29  C. 


j^jIbjtJs 


JV 


as    distilled    -»-  75  sea  water 


/vJ_JV fV_ 


sea     wa-ler 


iVAJ\jVjVJ\JUVjVJUVjUVJV^^ 

sea  water  3i»i>j     *^  ,        ^^.  >*»^  ^*^  ^7.*i  C. 

Fig.   5. 

Table  5  shows  the  relative  rates  of  pulsation  of  2  medusae  and  of  nerve- 
conduction  in  20  rings  of  subumbrella  tissue  of  Cassiopea  in  sea-water,  and 
in  sea-water  mixed  with  0.9  molecular  dextrose. 

Table  6^  shows  the  relative  rates  of  nerve-conduction  in  subumbrella 
tissue  of  Cassiopea  xamachana  in  sea-water  diluted  with  distilled  water,  and 
also  in  sea-water  diluted  with  0.9  molecular  dextrose.  (See  tables  4  and  5.) 
The  practical  coincidence  of  these  two  curves  indicates  that  the  changes 
in  rate  of  nerve-conduction  are  due  to  corresponding  changes  in  the  con- 
centration of  the  electrolytes  and  not  to  changes  in  osmotic  pressure. 

^  See  fig.  6,  which  ibowt  that  these  two  curyes  are  apparently  identical,  the  differences  between  them 
being  probaUy  one  to  enora  of  experimental  nature  and  indnridaal  variation. 
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In  figure  6  the  full  line  and  open  circles  represent  the  rates  in  sea-water 
diluted  with  0.9  molecular  dextrose,  and  the  dotted  line  and  black  circles 
show  the  rates  in  sea-water  diluted  with  distilled  water. 

Table  6. 


Compodtion  of  the  idutioii. 

t.  w.  »8ea-water. 
d.w.-distiUed  water. 

Relative  rates  of  nerve-conduc- 
tion,  that  in  natunJ  sea- 
water  being  xoo. 

Sea-water  di- 
luted with  dis- 
tilled water, 
thusoorre- 
spoodingly 
ledticing  osmO" 
tic  pressure. 

Sea-water  di- 
luted with  0.9 
molecular  dex- 
trose, thus 

normal  osmotic 

pressure  of  24.8 

atmospheres. 

Natuna  sea-water,  salinity  36.15  P*  ct 

95  p.  ct.  t.  W.+5  p.  ct.  d.  w.  or  dextrose.. . 

90                         10 

85                       X5 

80                      20 

75                        25 

71                        99 

70                        30 

60                        40 

50                        so 

XOO 
103 
105 

XOI 

X00.5 
86 

*8i.*5 
70 
50 

100 

\^ 

104 

XOO 

Figure  6  gives  a  graphic  representation  of  the  results  stated  in  table  6, 
the  ordinates  giving  the  average  rates  of  the  pulsating  rings,  and  the  abscissae 
giving  the  relative  concentration  of  the  dissolved  salts  of  the  sea-water, 
that  of  normal  sea-water  being  lOO.  Thus  the  ordinates  of  the  full-line 
curve  show  the  relative  rates  of  conduction  of  the  nerve-impulse  when  the 
sea-water  is  diluted  with  0.9  molecular  dextrose,  and  the  dotted  curve  shows 
the  same  for  sea-water  diluted  with  distilled  water  so  as  to  reduce  its 


so  to  70  SO  30  Too 

Relative  Concentration  of  the  Sea-water  S(dutions. 

Fig.  6. 

osmotic  pressure  in  nearly  the  same  ratio  as  the  reduced  concentration  of 
the  electrolytes.  The  practical  coincidence  of  the  curves  for  sea-water, 
diluted  with  distilled  water  and  with  0.9  molecular  dextrose,  shows  that  the 
phenomena  in  question  are  not  due  to  variations  in  osmotic  pressure,  but 
to  the  varying  concentrations  of  the  electrolytes. 

Moreover,  both  these  curves  show  that  the  most  rapid  rate  of  nerve- 
conduction  is  in  diluted  sea-water,  wherein  the  electrolytes  are  only  about 


Digitized  by 


Google 


Papers  from  the  Marine  Biological  Laboratory  at  Tortugas.  41 

90  per  cent  as  concentrated  as  in  natural  sea-water.  Below  this  the  rate 
declines,  becoming  normal  in  80  per  cent  sea-water  and  from  this  point  down- 
ward it  declines  in  a  straight-line  ratio,  at  a  somewhat  more  rapid  rate  than 
the  corresponding  decline  in  concentration  of  the  dissociated  electrolytes. 

The  curve  as  a  whole  reminds  one  of  that  of  an  enzyme  reaction  having 
its  maximum  in  90  per  cent  sea-water  and  rising  in  a  straight  line  from  50 
to  80  per  cent.  This  does  not  prove,  however,  that  it  has  anything  to  do 
with  enzyme  action. 

It  will  be  recalled  that  Loeb  (1891)  discovered  that  growth  and  regen- 
eration in  hydroids  proceeds  at  a  somewhat  more  rapid  rate  in  sea-water 
diluted  with  15  to  20  per  cent  distilled  water  than  in  normal  sea-water. 
The  experiments  of  Goldfarb  (1907)  upon  the  regeneration  and  growth 
rate  in  hydroids  and  his  more  recent  observations  upon  Cassiopea^  confirm 
this  fact.  Loeb  ascribed  the  increase  in  rate  of  regeneration  to  the  effects 
of  potassium  and  magnesium,  but  Goldfarb's  observations  cast  doubt  upon 
this  simple  explanation.  It  is  clear  that  the  initial  increase  in  the  rate  of 
nerve-conduction  in  Cassiopea,  which  accompanies  the  decline  in  con- 
centration of  the  electrolytes  below  the  normal,  is  not  due  to  lowered  os- 
motic pressure,  for  it  occurs  when  the  sea-water  is  diluted  with  0.9  molecular 
dextrose,  thus  maintaining  the  osmotic  pressure  found  in  normal  sea-water. 

A  possible  but  purely  hypothetical  explanation  may  be  that  if  the  rate 
of  nerve-conduction  is  due  to  an  excess  of  ionic  sodium  in  the  tissues  over 
and  above  its  concentration  in  the  surrounding  sea-water,  a  slight  lowering 
of  the  concentration  of  the  sodium  in  the  sea-water  causes  a  corresponding 
increase  in  its  ratio  of  concentration  within  the  tissues  and  may  thus  cause 
an  augmentation  in  the  stimulus.  There  is  some  evidence  to  support  this 
view,  for  when  the  sea-water  is  diluted  with  0.487  molecular  sodium  chloride, 
the  rate  does  not  increase  as  rapidly  as  it  does  when  the  sea-water  is  diluted 
with  distilled  water  or  with  dextrose.  The  slight  initial  increase  in  rate 
when  the  sea-water  is  diluted  with  0.487  molecular  NaCl  may  be  due  to  the 
reduction  of  the  potassium  ion  which  in  such  concentration  is  a  stimulant, 
as  is  sodium. 

THE  RELATION  BETWEEN  THE  RATE  OF  NERVE^ONDUCTION  AND  THE 
CONCENTRATION  OF  THE  SODIUM  ION. 

In  order  to  test  the  effect  of  the  sodium  cation  upon  the  rate  of  nerve- 
transmission,  we  may  add  increments  of  a  solution  of  0.6  molecular  NaCl 
to  the  sea-water,  thus  maintaining  a  constant  and  normal  osmotic  pressure, 
but  increasing  the  concentration  of  Na  while  the  concentrations  of  Mg, 
Ca,  and  K  are  decreased. 

The  phjrsical  effects  of  such  a  procedure  are  illustrated  in  table  7,  showing 
that  if  we  add  0.6  molecular  NaCl  up  to  100  sea-water  +  800  NaCl  we  have 
changed  the  concentration  of  the  sodium  ion  from  i  to  1.205;  while  at  the 
same  time,  in  comparison  with  the  Mg,  Ca,  and  K,  the  Na  ion  has  become 
relatively  10.85  times  as  concentrated  as  it  was  in  natural  sea-water. 

>  See  Dr.  Goldfarb's  paper  ui>oii  the  rate  of  regeneration  of  Cassiopea  in  concentrated,  normal,  and 
diluted  aea-water;  page  88  of  this  volume. 
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Table  7. 


Propoftioxiate 

concentration 

Comporition  of  the  tola- 
tion. 

Rdativedflu- 
tion  of  the  Mg. 

RelaUve 
concentra- 

of  Na  compared 
with  that  of  the 

CA,  and  K  of 

tkmofNftof 

Mi;.CA.andK 

t.  w.  -  sea-water. 

sea-water. 

sea-water. 

(proportion  in 
sea-water  being 

z.00). 

Naa. 

MgOs. 

CaCls. 

KCL 

Natural  sea-water 

Z.00 

IJOO 

z.oo 

0.487 

0.057 

0.OZZ0 

0.OZOZ 

zoo  8.  w.  +  zo  NaQ — 

.909 

Z.008 

z.z 

.49Z 

.059 

.0099 

.009Z 

zoo             ao 

•833 

Z.03 

Z.23 

.506 

.047 

.0084 

100             30 

.7615 

\^ 

^-^^ 

^i 

.043 

.0077 

100             40          .... 

5it 

\f 

.52 

.0407 

X)0785 

.007a 

zoo             50 

Z.07 

.535 

.038 

.00739 

.0067 

zoo             60          .... 

.625 

i/>8 

Jlis 

•539 

.0356 

.00687 

.0063 

100             70 

.588 

Z.09 

^33 

.034 

.0064 

.0059 

zoo             80          .... 

.555 

z.z 

Z.98 

.537 

.03Z6 

.006Z 

.0055 

zoo             90 

.526 

Z.Z08 

3.Z 

SA 

.03 

.0058 

.0053 

zoo           zoo          .... 

.50 

z.zz 

a.39 

•m 

.0285 

.0055 
.0036 

M>S 

zoo           900          .... 

.333 

Z.Z5 

9^02 

.0Z9 

X)033 

zoo            700           .... 
zoo            800           .... 

.za5 

z.ao3 

.586 

.007 

.00  Z3 

.ooza 

.ZII 

z.ao5 

ZO.85 

.587 

.006 

.ooza 

.oozz 

Table  8  shows  the  relative  rates  of  nerve-conduction  in  four  rings  of 

Cassiopea  xamachana  in  sea-water  to  which  increments  of  0.6  molecular 

NaCl  are  added. 

Table  8. 


Composition  of  the 
sea-water. 

s.  w.  -sea-water. 

Relative 
concentra- 
tion of  Cfl. 
Mg.  and  K 
of  sea- 
water. 

Rhiff 
No.z. 

Rhiff 
No.  2. 

Rhiff 
No.  3. 

Rhiff 
No.  4. 

Averase 
condition 
reduced  to 
zoo  pulsa- 
tions per 
minute  in 
natural  sea- 
water. 

NatunJ  sea-water 

Z008.W.+  zoNaQ.... 
zoo             ao          .... 
zoo             30          .... 

zoo             40          

zoo             50          .... 

zoo               60           

zoo              70          .... 

100             80          

zoo             90          .... 
zoo            zoo          .... 
zoo            aoo          .... 
zoo            700 

z.00 
i76i5 

.625 

.588 

.555 

.526 

.50 

.333 

.za5 

zoo 
Z03 
zoa 

Hi 
96 
97 

Z02 

11 

zoz 

zoo 

zoo 

zoo 

>zoo 
Z03 
Z02 

^^i 
Z08 

96 

97 
zoa 
87 
8a 
93 
90 
76.5 

85 
90 

66 

87 

>  See  fiff.  7*  dotted  curve  with  determined  pointe  marlced  by  open  drdes. 

Figure  7  shows  the  stimulating  influence  of  sodium.  The  dotted  curve 
with  determined  points  marked  by  open  circles  represents  the  effect  of  0.6 
molecular  sodium  chloride.  The  full-line  curve  shows  the  less  marked 
effect  of  0.487  molecular  sodium  chloride,  and  the  dextrose  curve  is  intro- 
duced for  purposes  of  comparison. 

The  average  results  are  plotted  in  the  upper  dotted  line  in  figure  7  and  it 
appears  that  the  rate  of  the  ring  increases  slowly  in  proportion  as  the  sodium 
becomes  concentrated  relatively  to  the  other  cations,  until  the  relative 
concentration  of  the  sodium  in  respect  to  the  other  cations  is  about  1.48 
times  that  found  in  natural  sea-water.  At  still  greater  concentration  of 
sodium  the  rate  declines  slowly,  but  not  so  rapidly  as  it  does  in  sea-water 
diluted  with  a  0.9  molecular  solution  of  dextrose,  thus  showing  the  stimu- 
lating influence  of  the  sodium  ion. 
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By  diluting  the  sea-water  with  0.9  molecular  dextrose,  we  maintain  a 
constant  and  normal  osmotic  pressure,  but  all  the  cations  are  reduced  in 
concentration,  as  they  would  have  been  had  we  added  distilled  water. 
On  the  other  hand,  when  we  add  0.6  molecular  NaCl  we  increase  the  abso- 
lute concentration  of  the  sodium,  while  the  osmotic  pressure  of  the  solutions 
as  a  whole  remains  constant,  but  the  chief  effect  is  to  increase  the  relative 
concentration  of  the  sodium  cation  with  respect  to  magnesium,  calcium, 
and  potassium. 


.i               .2               .9               A 

.J               .6 

.7               .$              .3               1 

J09 

-I 

79  J 
60 


Relative  Concentration  of  MJE.  Cfl,  and  K. 

Fig.  7. 

We  may  conclude  that  sodium  is  a  powerful  stimulant  up  to  about  148 
times  its  relative  concentration  with  respect  to  the  other  cations  in  natural 
sea-water  augmenting  the  rate  of  nerve-conduction  in  proportion  as  its 
relative  concentration  increases.  In  concentrations  over  and  above  1.48 
times  that  found  in  sea-water,  it  loses  some  of  its  stimulating  effect,  but  the 
rate  of  pulsation  of  the  ring  declines  more  slowly  than  it  would  in  sea- 
water  diluted  with  a  0.9  molecular  solution  of  dextrose,  and  thus  the  presence 
of  the  sodium  still  acts  as  a  constant  stimulant. 

The  experiment  dted  above  is  open  to  the  serious  objection  that  the 
addition  of  0.6  molecular  NaCl  increases  the  concentration  of  the  Na  ion 
over  and  above  that  found  in  natural  sea-water,  and  the  stimulating  effect 
is  evidently  due  in  part  at  least  to  this  increase,  and  not  to  the  proportionate 
decrease  in  concentration  of  magne&ium,  calcium,  and  potassium.  In 
order  to  avoid  this  error,  we  should  add  the  NaCl  in  the  form  of  a  0.487 
molecular  solution  dissolved  in  a  0.075  niolecular  solution  of  dextrose,  thus 
maintaining  the  normal  osmotic  pressure  and  the  normal  concentration  of 
the  sodium  ion — simply  reducing  the  concentrations  of  the  magnesium, 
calcium,  and  potassium,  and  correspondingly  increasing  the  relative  concen- 
tration of  the  sodium  cation. 

Table  9  shows  the  results  of  this  experiment  upon  20  subumbrella  rings 
of  Cassiopea,  and  here  again  it  is  evident  that  the  sodium  cation  is  a  stimu- 
lant to  nerve-conduction.  It  maintains  the  rate  of  nerve-conduction  at 
about  a  normal  rate  until  the  magnesium,  calcium,  and  potassium  are 
reduced  to  80  per  cent  of  the  concentration  found  in  natural  sea-water. 
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In  still  greater  dilutions  there  is  a  slow  decline  in  rate  in  a  rectilinear  ratio, 
but  the  decline  is  not  so  rapid  as  it  is  when  all  four  cations,  sodium,  mag- 
nesium, calcium,  and  potassium,  are  reduced  by  adding  0.9  molecular 
dextrose  to  the  sea-water.  Thus  the  sodium  of  the  normal  sea-water  is  a 
stimulant  to  the  rate  of  nerve-conduction. 

As  we  would  expect,  the  0.6  molecular  NaCl  is  more  stimulating  than 
the  lower  concentration,  0.487  molecular. 


Table 

9. 

Compodtion  of  solution. 

Relative  rates  of  pulsation,  the  rate  in  normal  sea-water 
being  100. 

Ring 
No.  I. 

Ring 
No.  2. 

Ring 
No.  3. 

Ring 
No.  4. 

Rhig 
No.  5. 

No.  6. 

Rhig 
No.  7. 

SesHwater  (MdJnlty  a6.i5  p.  ct.,  otmotJc  preasure 
24.8  atmoffphcKf) 

100 

100 

100 

100 

100 

100 

100 
103 

XOI 

80  D.  ct.  1.  W.+  II  D. ct.  (NaCl+ deztrote) .... 

80                      20                                     .... 

102 

98 

6<                       i<                                       .... 

50                      50                                     .... 
33.3                    66.6                                   .... 

87.5 

"w  * 

85.5 
77.5 
65.5 

85.5 

82 

74 

84 

20                      80                                      .... 

62.5 

70.5 

Compodtloii  of  tolutioii. 
t.  w.  -•earwater 

Relative  rates  of  pulsation,  the  rate  in  normal  sea-water 
being  100. 

Ring 
No.  8. 

Ring 
No.  9. 

Rhig 
No.  10. 

Ring 
No.  II. 

Rhig 
No.  12. 

Rhig 
No.  13. 

Rhig 
No.  14. 

24.8  atiiioq>hen!s} 

100 
99 
90.5 

100 
113 
120 

100 
99 
92 

100 

100 

100 

100 

89  p.  ct.  s.  Wr+ii  p.  ct.  (NaCi +dexte02e) 

80                     20                                     .... 
65                     35                                     .... 

102.5 

106 

102 

50                     50                                     .... 

95 

90 

33.3                   66^ 

20                      80                                      .... 

84 

78 

1 

Compodtkm  of  idutioa. 
a.  w.  •sea-water. 

Relative  rates  of  pulsation,  the  rate  in  normal  sea-water 
being  100. 

Ring 
No.  15. 

Ring 
No.  16. 

Rhig 
No.  17. 

Rhig 
No.  18. 

Rhig 
No.  19. 

Rhig 
No.  20. 

Gen. 
av. 

SoMvater  (nlinity  36.15  p.  ct.,  osmotic  pressure 

100 

100 

100 

100 

xoo 

xoo 

ixoo 

102 

too 

§1 
78 
72 

89  p*.  ct.  s.  wl+ii  p.  ct.  (NaCl+deztiose) .... 

80                     20                                     .... 

65                      35 

50                      50                                        .... 

100 

81 

96 

103.5 

33.3                    66.6 

20                              80                                                      .... 

78 

68.5 

75 

>  See  fig.  7*  full-line  curve. 

Table  9  shows  the  relative  rates  of  nerve-conduction  in  20  subumbrella 
rings  of  Cassiopea  xamachana  in  sea-water  and  in  sea-water  diluted  with  a 
solution  composed  of  0.487  molecular  NaCl  dissolved  in  0.075  molecular 
dextrose.  This  solution  maintains  the  normal  concentration  of  NaCl  and 
the  normal  osmotic  pressure  of  Tortugas  sea-water  and  its  addition  merely 
causes  a  decline  in  the  concentrations  of  the  magnesium,  calcium,  and 
potassium  of  the  sea-water. 

As  in  all  other  experiments  of  this  series,  the  perfect  medusse  are  more 
sensitive  to  the  effects  of  sodium  than  are  the  rings,  but  the  difference  in 
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their  behavior  is  one  of  d^^ree  rather  than  of  kind.  In  other  words,  the 
motor  centers  are  merely  a  more  sensitive  part  of  the  nervous  system  than 
is  the  nerve-net  of  the  subumbrella. 

For  example,  a  medusa  of  Cassiopea  xamachana  (record,  fig.  8)  with 
motor  centers  intact,  and  pulsating  at  the  rate  of  33  per  minute  in  natural 
sea-water,  pulsated  very  irregularly  at  the  rate  of  about  8  per  minute  after 
having  been  for  10.5  hours  in  a  solution  of  100  volumes  of  sea-water  -f  700 
volumes  of  0.6  molecular  NaCl.  Here  we  see  the  decline  in  pulsation-rate 
is  greater  than  in  the  nervous  network  without  motor  centers.  If,  however, 
the  sea-water  had  been  diluted  with  0.9  dextrose,  the  medusa  would  have 
ceased  to  pulsate  when  the  sea-water  had  been  mixed  with  about  an  equal 
volume  of  dextrose;  hence  the  effect  of  the  lowering  of  concentration  of  Mg, 
Ca,  and  K  and  proportionately  increasing  the  concentration  of  the  sodium 
ion  is  to  stimulate  and  maintain  pulsation. 

The  initial  effect  of  an  increased  concentration  of  NaCl  upon  the  normal 
medusa  is  to  increase  its  rate  of  pulsation.  Thus  the  medusa  which  pul- 
sated at  the  rate  of  33  per  minute  in  sea-water,  immediately  pulsated  at  the 
rate  of  about  116  per  minute  when  placed  in  i  volume  of  sea-water  plus  7 
volumes  of  0.6  molecular  NaCl,  although  after  half  an  hour  its  rate  was 
about  normal  and  after  10.5  hours  it  was  only  about  8  per  minute.  Thus 
the  initial  effect  of  the  relatively  increased  concentration  of  sodium  was  to 
stimulate,  but  later  it  produced  depression  in  a  manner  resembling  the 
effect  of  its  close  chemical  ally,  potassium.  It  is  interesting  to  see  that 
Magowan  (1908)  and  Osterhout  (1909)  find  that  sodium  and  potassium 
are  closely  similar  both  in  their  toxic  and  protective  action  upon  plants.^ 

THE  INERT  NATURE  OF  THE  MAGNESIUM  ION. 

In  order  to  determine  the  effects  of  the  magnesium  ion,  we  may  add 
magnesium  to  sea-water  in  the  form  of  a  0.057  molecular  solution  of  MgCls 
dissolved  in  0.78  molecular  dextrose.  This  decreases  the  concentration  of 
the  sodium,  calcium,  and  potassium  cations,  but  maintains  the  normal  con- 
centration of  the  magnesium  ion  and  also  the  normal  osmotic  pressure  of 
the  sea-water.  The  effect  must,  therefore,  be  due  to  the  decline  in  con- 
centration of  the  sodium,  calcium,  and  potassium. 

Table  10  and  figure  9  (dotted  curve  with  open  circles)  show  the  results 
of  this  experiment  upon  7  rings  of  subumbrella  tissue  of  Cassiopea,  and  it 
indicates  that  the  magnesium  ion,  in  the  concentration  foimd  in  sea- 
water,  is  not  in  any  sense  a  stimulant;  for  the  rate  of  nerve-conduction 
declines  in  practically  the  same  manner  is  it  does  when  the  sea-water  is 
diluted  with  distilled  water  or  with  0.9  molecular  dextrose. 

The  non-toxic  nature  of  magnesium  is  clearly  shown  by  the  good  and 
rapid  recovery  of  the  rate  of  pulsation  when  the  rings  are  replaced  in  natural 
sea-water. 

Figure  9  shows  the  effects  of  magnesium  on  the  rate  of  nerve-conduction. 
The  full-line  curve  shows  the  effect  of  adding  0.4  molecular  MgCls  to  sea- 

>  Botanical  Gaxette,  vol.  45.  P*  45:  vol.  48,  p.  98. 
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water.  The  dotted  curve  applies  to  0.057  molecular  MgCli.  The  crosses 
show  the  effects  of  adding  0.9  molecular  dextrose  to  sea-water,  and  the  black 
circles  show  the  effects  of  increments  of  distilled  water  added  to  sea-water. 
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Relative  Concentnttoa  of  NO.  Ct.  and  K. 

Fig. 

9. 

Table  10  shows  the  decline  in  rate  of  nerve-conduction  in  7  subumbrella 
rings  of  Cassiopea  in  sea-water  diluted  with  a  solution  composed  of  0.057 
molecular  MgCli  +  0.78  molecular  dextrose. 


Table  10. 


Compodtion  of  the  solution, 
a.  w.  «aea-water. 

RelatiTe  rate  of  nenre-oonduction.  the  rate  in  normal  itia-water 
behig  100. 

Ring 
Nol. 

Ring 
No.  2. 

Ring 
No.  3. 

Rhig 
No.  4. 

Ring 
No.S. 

Ring 
No.  6. 

Ring 
No.  7. 

Gen. 
ay. 

Natural  aea-water 

90  p.ct.  a.  w. +10  p^.  MgCh +dextroee> 

60                   40 

Rate  an  hour  after  being  returned  to 
normal  aearwater 

100 

100 

100 

100 

100 

100 

100 

100 

97 
79 

71 
91 

%\ 

s 

100 
80 
49.5 

93 

92 
79 
5S 

99 

90 
54 
47.5 

95 

>  Only  two  rings  were  tested  in  this  solution  and  they  both  gave  relative  rates  of  94.  This  rate  is  prob- 
ably too  low  to  be  typical,  and  therefore  I  have  rejected  the  resulu  obtained  from  these  two  rings  and 
omitted  them  from  the  table. 

By  another  method,  which  was  tried  at  Tortugas  in  191 1  and  1912,  the 
normal  osmotic  pressure  was  maintained  by  adding  to  the  sea-water  a  0.4 
molecular  solution  of  MgCls  in  distilled  water.    This  causes  a  dilution  of 

Table  ii. 


Composition  of  the  solution, 
n.  s.  w.  -  natural  sea-water. 

Gram-molecular  concentration  of 
NaCl,  MgCh.  CaCla,  and  KCL 

RelaUve 

tion  of  the 
N4.Ca.and 
K,  their 
concen- 
tration in 
natural  sea- 
water 
being  z. 

Relative 
conoentia- 
tion  of  the 
Mi^.  their 
conoen- 
trationin 
natural  sea- 
water 
being  z. 

Propor- 
tionate con- 
centration 
of  Mffcom- 
pared  with 
that  of  N4, 
Ca.andk. 
the  propor- 
tion in  nat- 
ural sea- 

being  z. 

NaQ. 

MgOt. 

Caa. 

KQ. 

Naturd  sea-water 

0.487 

^2S 

.304 

.IZ42 
.Z372 
.1550 
.1713 
.1875 

0.0II0 

.00999 
.00916 
.00837 
/)0785 

^^ 

0.010Z 
.00918 
XX>84I 
.0077 
.0072 
.0067 
.OO63Z 

IJfMQ 
.909 

.16^ 
.625 

ZXXM 

Z.546 
2 

3w4oa 
a.7Z4 

U 

zu> 

Z.7 

a.4 

3.Z5 

3.80Z 

4.504 

5.25 

ioocx.n.s.w.+iocx.MgCli 

100                    so                 

100                    30                 

zoo                    40                 

zoo                    50                 

zoo                    60                 
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the  sodium,  calcium,  and  potassium  ions  and  an  augmentation  in  the  con- 
centration of  the  magnesium,  as  is  shown  in  table  ii. 

Table  12  gives  the  decline  in  rate  of  pulsation  shown  by  2  rings  and 
9  normal  medusae  of  Cassiopea  xamachana  in  sea-water  to  which  increments 
of  04  molecular  MgCls  have  been  added. 

Table  12. 


Compodtioii  of  the  solution. 

Relative 
oonceutia" 
tkmtofNa. 
Ca.aiid  K. 

Relative  rates  of  pulsation. 

Ring 
No.  Z.1 

Rinc 
No.  2.< 

Medusa 
No.3.» 

Av.  of  me- 

diiSKNos.4 

ands.« 

Av.of  me- 
6,7!and?» 

Av.  of  me- 
dtiSBNos.9i 
zo»  and  zz.* 

Natural  sea-water 

zxo 
.97 
^s 
.93 

to 

r 

.78 
.76Z 

58 

.625 

»I00 

zoo 

•zoo 

zoo 

zoo 

zoo 

% 

31 
19 
az 
z^zs 

6 

z 

zoo  ex.  t.  W.+  9.S  ex.  MgCls.. 

zoo                    5 

100                    7.$ 

zoo                  zo 

zoo                  za.s 

zoo                  15 

zoo                     Z7.S 

zoo                  20 

zoo                         32.S 

ZOO                  as 
zoo                  27.S 
ZOO               ao 
zoo                 40 
zoo                  50 
zoo                 60 

62 

70 

Z07 

97^5 

SI 

28 

SI 

a3 

35 

94 

94 

33 

IS 

33 

zz 

z 

88.5 
7Z 

Y 

72 

0 

0 

0 

>  ZS.S  boors  after  being  replaced  in  sea-water  this  ring  pulsated  at  tbe  normal  rate. 
<3  bours  after  being  rniaoed  in  sea-water  this  ring  pulsated  at  iu  normal  rate. 

*  After  being  replaced  m  sea-water  this  medusa  recovered  perfectly  and  pulsated  at  its  normal  rate. 

*  After  being  replaced  in  sea-water  they  soon  recovered  and  pulsated  normally. 

*  These  meduse  recovered  completely  and  pulsated  normally  after  being  replaced  in  sea-water. 

*  Upon  replacing  these  meduse  in  sea-water,  they  pulsated  at  normal  rates. 
'  A  partial  record  of  this  ring  is  given  in  record,  ng.  Z9. 

>  See  record,  fig.  zz. 

Table  13,  which  is  derived  from  table  12,  shows  the  average  rates  of 
nerve-conduction  in  two  rings  of  Cassiopea  xamachana  in  sea-water  and  in 
sea-water  mixed  with  0.4  molecular  MgCU. 

Table  13. 


Composition  of  the  solution, 
s.  w.  "sea-water. 

Av.  rate  per 
min.  of  the 
two  rings. 

Av.  rate  re- 
duced to 
zoo  per  min. 

sea-water. 

DUtttionof 
theNa.Ca, 
and  K  of 
the  sea- 
water. 

Relative 
concentra- 
tion of  Mg, 
its  concen- 
tration hi 
sea-water 
being  z. 

Natural  sea-water. 

141.S 

144-5 

133 

zao 

Z08 

104 

ZOO.S 

>zoo 
zoa 

76.S 

74 

7Z.S 

zx 
.909 

.8|3 
.70ZS 

'Hi 

.6as 

zx 
1.7 
3.4 

Ii' 

4-S 
S.as 

zoo  s.  w.+zo  MfCb. 

zoo            ao 

zoo            30 

zoo            40           

zoo            so 

zoo            60           

>  See  fig.  9*  full-line  curve. 

Table  14  shows  the  average  rates  of  pulsation  of  9  medusae  of  Cassiopea 
xamachana  in  sea-water  and  in  sea-water  mixed  with  0.4  molecular  MgCls. 
The  rates  are  reduced  to  a  scale  of  100  in  natural  sea-water. 

Tables  12  and  13  show  the  results  of  experiments  upon  two  pulsating 
rings  in  sea-water  at  28*^  to  31*^  C.  to  which  had  been  added  increments  of 
0.4  molecular  MgCl^  dissolved  in  distilled  water.  The  rings  or  medusae 
were  permitted  to  pulsate  in  any  new  concentration  of  magnesium  for  at 
least  I  and  usually  3  hours  before  a  record  of  the  pulsation-rate  was  taken, 
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and  in  the  interval  the  solution  was  changed  several  times.  In  this  manner 
an  attempt  was  made  to  permit  the  animal  to  become  thoroughly  permeated 
by  a  solution  before  its  effect  was  tested. 

Table  14. 


Compotitioii  of  the  lotatkm. 
••  w.  «8ea-water. 

Rdathre  rate 

reduced  to  zoo 

innonnalfeep 

water. 

Dflution  of 
ooBOCfitratiott 

orNduau 

end  K  of  the 
aea-water. 

Relative  con- 
oentiatlon  of 
Mg  (concen- 
tration in  aea- 
waterbdnfz). 

Natmal  aea-wattf 

zoo 
44 
Z7.5 
a.S 
0 

IJOOO 

•8333 
.76z$ 

z/> 
X.7 

9.2 
3.15 

100  ex.  •.  w.+io  MgCh 

zoo                   90            

zoo                 as           

zoo                 30           

Tables  13  and  14  show  the  average  conditions;  table  13  referring  to  the 
rate  of  nerve-conduction  in  the  rings  without  motor  centers,  and  table  14 
to  the  pulsation  of  medusae  with  motor  centers  intact.  It  is  evident  that 
any  excess  of  magnesium  causes  a  rapid  decline  in  rate  in  the  perfect  medusae. 

In  rings  of  subumbrella  tissue  0.4  molecular  MgCls  causes  a  decline  in 
rate  of  nerve-conduction  which  is  but  little  more  pronounced  than  that 
observed  when  the  sea-water  is  diluted  with  distilled  water  or  with  0.9 
molecular  dextrose. 

This  leads  one  to  conclude  that  the  magnesium  ion  is  inert  rather  than 
an  active  repressor  of  nerve-conduction.  If  this  be  the  case  all  concen- 
trations of  MgCls  from  0.4  molecular  downward  should  behave  alike  and 
should  exert  the  same  influence  as  distilled  water  or  0.9  molecular  dextrose. 

seawa.^er  ^S*C. 


^«A^»^>^«^>^>^^^i»n>^»^t^>^^^^^^^^^^^»v^^^^^^ 


100  Sea  waiter    4-10    MgCl^  .^22- 


i^x^S^^^^i^^^ 


I  o  o 


4-     io 


)^^^^^^i^«^*^^^^a^>/>^^^M>^ 


<.--SO/>»«  w    «    .N 


100 


+-  30  • 


3ot/ 


1 00 


^0 


2%* 


I  00 


+       50 


Fig.  10. 


27.7 


Figure  9  appears  to  show  that  this  expectation  is  largely  realized,  the  effects 
of  0.057  molecular  and  of  0.4  molecular  MgCh  being  closely  similar  to  those 
of  distilled  water,  and  while  0.4  molecular  MgCU  may  exert  a  slight  specific 
depressant  effect,  it  is  evident  that  the  concentration  of  Mg  found  in  sea- 
water  (0.057  molecular)  is  not  more  depressant  than  is  distilled  water. 
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sea.  Nwau-ter  z^tsC 


•  oo    sea,    \A/a,ter     -<-     20     M  c.  Cl 


30  c 


too  sea   wa.-te.r    -v-    60    iv\^  C  V, 


2  9.  7  C 


Sea     watier 


2%    C 


Fig.  II. 


Thus  apart  from  osmotic  effects  the  degree  of  concentration  of  mag- 
nesium makes  but  little  difference  in  stupefying  marine  animals  by  Tull- 
berg's  method  of  adding  MgClj  or  MgSOi  to  the  sea-water.  The  com- 
parative unimportance  of  the  magnesium  ion  may  also  account  for  the  fact 
that  while  the  relative  concentrations  of  the  sodium,  calcium,  and  potassium 
in  the  blood  of  mammals  remain  pretty  much  as  they  are  in  sea-water,  the 
magnesium  has  declined  from  3.7  to  0.4  or  to  about  one-ninth  its  former  con- 
centration (see  "The  fitness  of  the  environment,"  p.  187,  by  Laurence  J. 
Henderson,  New  York,  1913). 

Normal  medusae  soon  cease  to  pulsate  if  placed  in  a  solution  of  100  c.c. 
sea-water  +  30  c.c.  of  0.4  molecular  MgCli,  and  they  may  remain  in  this 
solution  for  8  days  without  further  pulsation,  the  bell,  however,  slowly 
disintegrating,  due  to  bacterial  action  which  the  weakened  concentration 
of  sodium  is  unable  to  check.  Whenever  these  magnesiumized  medusae 
are  replaced  in  normal  sea-water  they  at  once  go  into  clonic  tetanus  and  then 
pulsate  normally.  This  initial  tetanus  resembles  that  which  develops  in 
sea-water  lacking  magnesium,  and  is  there  due  to  the  combination  of  sodium 
and  calcium  unchecked  by  magnesium.  It  seems,  then,  that  an  excess  of 
magnesium  acts  as  a  shield  or  "buffer"  to  prevent  the  calcium  from  pro- 
ducing tetanus,  and  when  this  shield  is  suddenly  removed  the  medusa  is 
unable  to  withstand  the  effects  of  even  the  normal  concentration  of  calcium.^ 
It  will  be  recalled  that  Mines  (191 1  b,  p.  185)  arrested  the  pulsation  of  the 
heart  of  a  ray  by  magnesium  and  then  restored  pulsation  by  simply  raising 

>  Sfirensen,  1909.  Comptes  Rendus  Lab.  Carlsberg.  vol.  8,  p.  i,  calla  attention  to  the  action  of  various 
aorta  of  "buffer"  subetancea  in  phsraiological  aolutiona. 
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the  hydrogen  ion  concentration  of  the  solution  from  about  6.5  to  9.    Thus 
the  inhibiting  effect  of  the  Mg  was  offset  by  the  addition  of  an  alkali. 

It  appears  from  my  experiments  of  1906  that  calcium  can  not  produce 
tetanus  unless  sodium  be  present,  for  in  the  absence  of  sodium  even  pure 
solutions  of  0.4  molecular  CaCls  do  not  produce  tetanus  in  Cassiopea,  and 
if  the  medusae  be  stupefied  in  magnesium  they  can  not  be  temporarily  re- 
vived by  calcium  unless  sodium  be  present.  These  observations  are  in 
accord  with  those  of  Meltzer  and  Auer  on  mammals,  wherein  they  found 
that  the  inhibiting  tendency  of  magnesium  is  offset  by  a  calcium-sodium 
combination,  not  by  calcium  alone. 

As  in  all  experiments  of  this  series,  normal  medusae  are  much  more 
sensitive  to  the  effects  of  magnesium  than  are  rings.  In  other  words,  as 
is  always  the  case,  the  motor  centers  are  more  readily  affected  than  are  the 
peripheral  nerves. 

EFFECTS  OF  THE  POTASSIUM   ION. 

We  may  maintain  the  normal  osmotic  pressure  and  increase  the  con- 
centration of  the  potassium  ion  by  adding  to  the  sea-water  a  0.64  molecular 
solution  of  KCl.  Even  so  small  an  amount  as  3.75  c.c.  of  this  solution 
added  to  100  c.c.  of  sea-water  stops  all  movement  in  normal  medusae  after 
an  initial  excitement  which  soon  subsides.  The  peripheral  nerves,  on  the 
other  hand,  are  not  so  readily  affected  as  the  motor  centers,  for  a  ring  still 
pulsated  at  about  two-thirds  its  normal  rate  when  placed  in  100  c.c.  sea- 
water  -f-  7.5  c.c.  of  0.64  molecular  KCl. 


1  2  8        D  4  6 

Relative  Conoentratkm  of  K 

Fig.  12. 

Table  15  and  figure  12  illustrate  the  results  of  experiments  with  potassium. 
The  rates  stated  in  figure  12  are  the  actual  rates  assumed  by  animals  after 
being  at  least  45  minutes  in  the  solutions  mentioned,  the  volume  of  solution 
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being  very  great  in  comparison  with  the  size  of  the  animals  and  the  solutions 
being  changed  frequently. 

It  appears  that  a  very  slight  increase  over  and  above  the  normal  con- 
centration of  the  potassium  ion  is  a  permanent  stimulus. 

Table  15  shows  the  relative  rates  of  3  normal  medusae  and  i  subumbrella 
ring  of  Cassiopea  xamachana  in  sea-water  to  which  increments  of  a  0.64 
molecular  solution  of  KCl  have  been  added. 

Table  15. 


Compoeition  of  the  toliitlon. 
f.  w.  "sea-water. 

Relative  con- 
centration of 
potaaaium  ca- 
tion.  iu  concen- 
tration in  nat- 
oralaea-water 
being  I. 

Relative  rate  of 

3normalme- 

duae.> 

Relative  rate  of 
anonnalme- 

dtlMU* 

Relative  rate  of 
a  ring  of  aub- 
umbrella  tlMue. 

Natural  lea-water 

X.00 
1.16 
Z.28 

\t 
1.76 
1.92 
2.07 
2.22 

2^7 

3.13 
2.27 
4. 

*I00 

100 
103 
122 
Z12 
69 

s" 

61. s 

i\ 
V, 

37 
92 

^^Aoo 

( Aoo 

100  CjC  ■.  IB  •4-0.2C  cjc  KCl ...    .    ...... 

100                     0.$ 

100                               0  7?                             .     .        ...... 

100                        I.                        ........*... 

100                       X.25 

100                  z.s                ..*••.....•. 

100                   i«7S               

100                   2. 

100                   2.25               

100                   2.5 

33 

lOX 

100                   2.7s               

100                  3. 

100                   3.25 

100                    3.S 

100                    %.ii 

100                    5. 

l\ 

xoo                 7.5                

^  These  medtUB  reooveied  their  normal  rates  after  being  returned  to  sea-water. 

*  stopped  in  less  than  one  hour.    This  medusa  recovered  Its  normal  pulsation  when  returned  to  sea-water. 

*  See  curve  CD,  fig.  12. 

«  See  curve  AB,  fig.  12.  and  record,  fig.  X3* 

*  See  curve  EF,  fig.  X2. 

(V\M/\AAA/WWl/\/WWWWW\/W\A/WlA^^ 

sea  water  3>».*2  5C. 

mmMWMMMMmMmmmmmmmmmmmmmm 

100  sea.   water    +     x^   KC\       .C^.-m  S»*25 

•'        -  ^      ,.      JL     'hov.T      a4terwardft  "iOM 

NAAAAAAAAAAAA/W\AAAAAAAAAAA/WVVW\AAAA/WWWVAAAAAA 

•'         •'  ••  .•         ..  -       .         aLjter       one     "hour  31* 

100  sea    water  -^     5  KCi  3«!i 

\/\/\AAAAAA/\A/\AAAAAAAAAAAAAAAA/V\AAAAAAAAAA 

..     «  3H--mvnxvteS  a^tcrwATds  3l*i 

loo    sea    water    h-     1\  KCl  ^ui. 


1  hour      a-^terwavAs 
Fig.  13. 


3i*.C 
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If  we  place  normal  medusae  in  a  solution  having  the  proportions  of  100 
c.c.  sea-water  +  i  c.c.  of  0.64  molecular  KCl,  their  rates  are  increased  and 
maintained  thus  for  more  than  24  hours.  This  solution  gives  the  potassium 
ion  a  concentration  1.6  times  as  great  as  in  natural  sea-water.  Any  further 
increase  in  the  concentration  of  the  potassium  ion  causes  an  initial  excite- 
ment, but  this  is  soon  followed  by  a  loss  in  rate.  Rings  are  not  so  sensitive 
and  the  nerves  may  maintain  a  normal  rate  in  a  solution  having  2.5  times  the 
concentration  of  the  potassium  ion  in  sea-water,  but  a  still  further  concen- 
tration causes  a  decline  in  rate  after  temporary,  initial  excitement. 

It  has  long  been  known  that  weak  concentrations  of  potassium  cause 
initial  excitement  followed  by  loss  of  rate.  It  is,  however,  interesting 
to  see  that  a  very  weak  concentration  may  be  a  permanent  stimulant,  for 
it  shows  that  potassium  acts  in  a  manner  similar  to  that  of  sodium,  its  close 
associate  in  Group  I  of  the  periodic  system.  Like  potassium,  sodium 
itself  produces  sustained  increase  in  rate  in  weak  excess,  but  depression  in 
stronger  concentrations.  Also  in  stronger  concentrations  its  initial  effect 
is  to  stimulate,  but  depression  soon  follows.  Sodium  also  is  slightly  toxic, 
potassium  even  more  so.  Thus  in  all  these  respects  potassium  resembles 
sodium,  but  its  metallic  properties  are  more  decided,  as  indeed  we  would 
expect  from  its  higher  atomic  weight. 

EFFECTS  OF  CALCIUM. 

It  is  difficult  to  determine  the  effects  of  the  calcium  ion  per  se,  for  (as  is 
well  known)  it  associates  itself  or  combines  with  the  sodium  ion,  possibly 
forming  a  sodium-potassium  ion  proteid,  and  it  enables  the  sodium  to 
counteract  the  negative  effect  of  magnesium. 

If  Cassiopea  be  placed  in  a  van't  Hoff's  solution  resembling  sea-water, 
but  lacking  calcium,  all  movement  soon  ceases,  but  pulsation  begins  to  be 
revived  when  we  add  a  concentration  of  calcium  equal  to  0.4  or  0.5  that 
found  in  natural  sea-water.  Pulsation  is  most  rapid,  however,  when  the 
concentration  of  the  calcium  ion  is  about  2.5  times  that  found  in  natural 
sea-water.  Further  additions  of  calcium  cause  increasing  depression  and 
movements  usually  cease  when  the  solution  contains  7  times  the  concen- 
tration of  calcium  found  in  sea-water.  Such  a  solution  is  not  toxic,  however, 
for  complete  recovery  takes  place  almost  immediately  if  the  medusae  be 
restored  to  sea-water. 

It  is  interesting  to  see  that  half  the  normal  concentration  of  calcium 
suffices  to  restore  pulsation,  for  half  the  normal  concentration  of  sodium 
will  accomplish  the  same  end,  provided  magnesium,  calcium,  and  potassium 
be  present  in  normal  concentration. 
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THE  LAW  GOVERNING  THE  LOSS  OF  WEIGHT  IN  STARVING  CASSIOPEA. 


By  Alfred  Goldsborough  Mayer. 


METHODS. 

Before  being  weighed  each  medusa  was  dried  upon  filter  paper  so  as  to 
remove  the  water  adherent  to  its  surface.  It  was  then  weighed  in  25  c.c. 
of  sea-water  on  a  delicate  balance,  the  weight  of  the  medusa  being  deter- 
mined by  subtracting  the  weight  of  the  water  and  the  glass  beaker  serving 
as  its  container. 

The  medusae  were  starved  in  sea-water  which  had  been  passed  through 
two  glass  funnels,  each  containing  a  double  layer  of  the  best  quality  of 
Chardin's  filter  paper,  thus  removing  the  zodplankton  upon  which  Cassiopea 
feeds.  In  some  of  the  experiments  the  sea-water  after  having  been  passed 
through  Chardin's  filters  was  refiltered  through  porcelain  or  it  was  rendered 
sterile  in  so  far  as  animal  life  was  concerned  by  heating  it  to  71^  C.  and 
then  restoring  the  evaporation  by  distilled  water.  These  additional  pre- 
cautions were,  however,  found  to  be  unnecessary  for  the  Chardin  filters 
removed  all  or  practically  all  food  from  the  water. 

The  medusae  were  always  starved  in  the  purest  sea-water  which  was 
either  dipped  from  the  ocean  in  glass  or  canvas  buckets  or  pumped  into 
glass  reservoir  tanks  through  hard-rubber  pipes  by  means  of  a  hard-rubber 
pump.  In  running  comparative  series  care  was  taken  that  the  sea-water 
in  which  each  medusa  was  starved  had  had  the  same  history;  i.  f.,  was 
gathered  in  the  same  way,  stored  in  the  same  tank,  etc.,  for  every  medusa 
in  the  series.  Whenever  possible  the  medusae  were  starved  side  by  side  in 
one  and  the  same  glass  aquarium,  but  when  this  was  impossible  the  aquaria 
were  of  similar  size  and  form  and  were  placed  side  by  side,  so  as  to  be  sub- 
jected to  similar  environmental  changes. 

EXPERIMENTS. 

It  is  a  pleasure  to  acknowledge  my  indebtedness  to  Dr.  Francis  Gano 
Benedict  for  important  advice  and  highly  appreciated  kindness,  and  to 
Mr.  Joseph  C.  Bock,  of  the  Nutrition  Laboratory  of  the  Carnegie  Institution 
of  Washington,  for  having  determined  the  nitrogen  content  of  the  medusae. 

In  common  with  other  scyphomedusae,  Cassiopea  xamackana  consists  of 
a  large  central  mass  of  gelatinous  substance,  which  is  covered  with  a  thin 
layer  of  cellular  tissue,  the  weight  of  the  gelatinous  substance  being  very 
great  in  proportion  to  that  of  the  cellular  elements  of  the  medusa's  body. 
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Table  i. 


When  the  animal  starves,  this  gelatinous  substance  decreases  in  volume  and 
apparently  serves  as  the  chief  store  of  food  for  the  starving  animal. 

If  PT  be  the  weight  of  the  medusa  when  starving  begins,  aW  may  repre- 
sent the  decline  in  weight  due  to  loss  of  body-substance  and  of  water  at 
the  end  of  the  first  day,  so  that  at  the  end  of  the  first  day  the  weight  of  the 
medusa  is  PT  —  aW  =  W{i  —  a). 

Similarly,  at  the  end  of  the  second  day  the  weight  is  W{i  —  a)  — 
aW{i  -  a)  =  W(i  -  ay. 

Hence  the  weight  y  after  starving  x  days  is  y  =  W{i  —  a)*  where  a  may 
be  called  the  index  of  catabolism,  the  rate  of  starvation  increasing  as  a 
increases. 

This  formula  accords  fairly  well  with  the  facts  of  observation,  as  will  be 
apparent  from  an  inspection  of  tables  4  to  27  and  the  curves  accompanying 
them.  At  times  the  observed  weights  are  above  and  at  other  times  below 
the  theoretical  curve,  but  the  general  average  in  table  i  for  30  normal 
medusae  starved  in  the  diffuse  daylight  of  the  laboratory  is  practically 

coincident  with  the  curve  y  =  W{i  —  0.567)*  for  a 
period  of  19  days  starving  in  filtered  sea-water. 

Table  i  and  figure  i  show  the  average  decline  in 
weight  deduced  from  six  series  of  experiments  upon 
30  medusae  of  Cassiopea  xatnackana  starved  19  days 
in  diffuse  daylight  in  doubly  filtered  sea-water. 
The  weights  are  reduced  to  a  scale  of  100  grams 
at  the  beginning  of  the  experiment:  Thus,  if  a 
medusa  weighed  10  grams  at  the  beginning  and 
5  grams  at  the  end  of  a  certain  number  of  days, 
these  weights  would  appear  as  100  and  as  50,  re- 
spectively, in  the  accompanying  table: 
This  simple  law  governing  the  loss  of  weight  in  Cassiopea  leads  to  the 
conjecture  that  the  chemical  constitution  of  the  animal  does  not  change, 
but  that  one  and  the  same  class  of  substances  serves  to  maintain  the  medusa 
throughout  the  period  of  its  starvation.  It  is  well  known  that  in  verte- 
brates a  very  different  condition  pertains,  for  the  starving  animal  at  first 
mainly  consumes  its  store  of  glycogen,  oxidizing  it  into  carbohydrate;  then 
the  fats  are  chiefly  drawn  upon,  so  that  a  starving  vertebrate  contains 
relatively  less  fat  and  more  proteid  and  water  than  a  normal  creature. 
Thus  there  is  a  progressive  change  in  the  chemical  constitution  of  the  body 
of  the  animal. 

This  appears  not  to  be  the  case  in  Cassiopea^  and  this  supposition 
receives  further  support  from  an  analysis  of  the  percentage  of  nitrogen  in 
the  body,  which  appears  to  range  from  2. 121  to  2.997  per  cent  of  the  dried 
weight  of  the  animal,  the  variation  being  independent  of  the  number  of 
days  the  animal  has  starved.  Hence  it  seems  probable  that  starving 
neither  increases  nor  decreases  the  percentage  of  nitrogen.  The  results 
are  shown  in  table  2,  wherein  it  appears  that  there  is  no  codrdination 


Days 
elapeed. 

Obterved 
average 
weight. 

Calculated 
weight.! 
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2 
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9 
12 
15 
19 

100 
88.5 
77.82 
71.35 
59.73 

42.08 
32.9 

xoo 
88.97 
79.16 
70u|3 
59.11 
49.61 
41.64 
32.9 

>  Calculated  according  to  the  for* 
mula  y  -  ioo(i  —  0.0567)*. 
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between  the  number  of  days  the  medusa  has  been  starved  and  the  per- 
centage of  nitrogen  it  contains.  The  medusse  were  desiccated  at  loo®  C. 
at  Tortugas,  Florida,  and  the  dried  substance  was  then  sent  to  Boston  for 

analysis. 

Table  2. 
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Fig.  I. 


It  appears  also  that  the  dried  weight  is  about  4.76  per  cent^  of  the  living 
weight,  and  that  this  ratio  does  not  change  as  the  animal  starves.  Thus  the 
living  weight  bears  a  practically  constant  ratio  to  the  weight  of  the  solid 
substance  of  the  animal,  and  the  law  governing  the  loss  of  rate  may  be 

>Of  this  4.7  per  cent,  3.5  per  cent  consists  of  the  salts  of  sea-water;  and  thus  the  actual  body-substance 
of  the  medusa  is  only  1.2  per  cent,  the  animal  containing  98.8  per  cent  of  water. 
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determined  either  from  the  one  or  the  other,  the  living  weight  being  prefer- 
able on  account  of  its  greater  magnitude  and  the  consequent  lessening 
of  the  degree  of  error  in  its  determination.  Hence  the  reason  for  the 
validity  of  the  simple  law  that  governs  the  loss  of  weight  in  the  starving 
jellyfish  is  that  no  appreciable  chemical  change  occurs  in  the  composition 
of  its  body-substances,  and  there  is  no  appreciable  selective  use  of  diflFerent 
substances  at  different  times  during  the  progress  of  starvation. 

Sections  show  that  as  a  physical  result  of  starvation,  the  cells  become 
reduced  in  size,  many  degenerate  and  disappear,  and  the  cell  boundaries 
tend  to  become  indistinct;  moreover,  the  gelatinous  substance  becomes 
vacuolated  and  the  muscular  tonus  is  largely  lost,  so  that  the  bell-rim  bends 
upward  and  inward  in  a  balloon-like  manner,  as  is  shown  in  plate  i ,  figure  A, 
which  represents  6  medusae  that  have  been  starved  41  days  and  whose 
combined  weights  have  declined  from  74.95  to  2.78  gm.,  all  being  still  alive. 
In  fact,  throughout  these  series  of  experiments  no  medusa  has  been  lost 
through  natural  death,  although  some  of  the  series  of  observations  upon 
medusae  starved  in  the  dark  were  terminated  on  account  of  the  develop- 
ment of  local  maceration  due  possibly  to  ineffectually  checked  bacterial 
activity. 

Plate  I,  figure  B,  gives  an  enlarged  view  of  the  smallest  of  these  medusae 
shown  in  plate  i,  figure  A,  and  one  may  observe  its  crumpled,  shrunken  bell, 
the  loss  through  coalescence  of  the  mouths,  and  the  absorption  of  the 
mouth-arm  appendages.  Indeed,  the  first  organs  to  disappear  are  usually 
the  mouths  and  their  appendages,  and  thus  after  being  starved  for  about 
3  weeks  recovery  may  become  impossible  through  the  inability  of  the 
animal  to  capture  the  zooplankton  upon  which  the  medusa  feeds.  Experi- 
ments indicate  that  they  do  not  feed  upon  diatoms,  but  in  common  with  the 
corals,  as  determined  by  Vaughan,  their  food  appears  to  be  exclusively  of  an 
animal  nature,  the  smaller  forms  of  the  zodplankton  being  taken  into  the 
numerous  mouths  on  the  mouth-arms. 

It  is  known  that  much  of  the  nannoplankton  can  pass  through  the  best 
filters,  but  one  was  unable  to  discover  any  specimens  of  the  zooplankton 
in  the  doubly  filtered  sea-water  used  in  these  experiments.  Nevertheless, 
medusae  with  their  stomachs  removed  starve  more  rapidly  than  do  animals 
with  their  stomachs  intact  but  regenerating  their  bell-rims.  The  medusae 
which  possess  stomachs  are,  however,  not  called  upon  to  regenerate  any  of 
their  parts  and  are  thus  subjected  to  less  drain  upon  their  resources. 

The  value  of  a  in  the  formula  y  =  W(i  —  a)*  gives  us  a  fair  measure  of 
the  rate  of  loss  of  weight.  It  may  be  called  the  **  coefficient  of  negative 
metabolism,"  for  as  a  increases  the  loss  of  weight  increases  in  like  ratio. 

In  the  experiments  recorded  in  this  paper  a  ranges  as  shown  in  table  3. 

It  appears  from  table  3  that  Cassiopea  thrives  best  and  starves  at  its 
slowest  rate  if  maintained  in  large  quantities  of  sea-water  changed  only 
once  in  each  24  hours,  thus  resembling  the  conditions  of  the  semistagnant 
lagoons  in  which  the  medusa  lives. 
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Table  3. 


Medium  in  which  meduaie  were  starved 
and  conditions  of  the  experiment. 


Normal  medusK  each  in  6  liters  or  more 
of  doubly  filtered  sea-water  changed 
once  in  every  24  hours. 

Medusae  regenerating  bell-rim  but  with 
stomach  and  mouth-arms  intact,  each 
in  6  liters  or  more  of  doubly  filtered 
water  changed  once  in  each  94  hours. 

Regenemting  disks  with  stomach  and 
mouth-arms  removed,  each  in  6 
Uters  or  more  of  doubly  filtered  water 
changed  once  in  each  24  hours. 

Normal  meduste  in  400  ex.  of  doubly 
filtered  water  changed  once  in  each 
94  hours. 

Normal  meduste  in  large  quantities  of 
doubly  filtered  constantly  changing 
sea-water. 

Normal  medusa  hi  6  liters  of  sea-water 
sterilized  by  heathig  it  to  Ti*"  C.  and 
then  cooling  it  to  Aormal  tempera- 
tures. The  water  being  changed  once 
in  each  24  hours. 


Value  of  a  when  medusae  are 
starved  in  diffuse  day- 
light of  laboratory. 


0.046  to  0.07S;  av.  0.0567. . 
0.068Z  to  0.0689;  av.  0.068s 

0.06  to  0.1034;  av.  0.08x5.  • 


0.1x45 

0.10x5  to  0.15;  av.  O.X25 . . . 
0.055 


Value  of  a  when  meduste  are 
starved  in  dark. 


0.0639  to  0J07S;  av.  0.0695 
0.05ZZ  to  0.0538;  av.  0.052 

0.074  to  0.0937;  av.  0.0892 


0.Z65  to  0.X85;  av.  0.X75. . 


Tables  re- 
ferred to. 


4  to  zo  and 
14 

Z9t0  25 

18  to  25 

iz  and  12 
Z5  and  16 

17 


The  relative  rates  of  starvation  both  in  darkness  and  in  diffuse  daylight, 
shown  by  medusse  under  other  conditions,  are  as  follows,  the  results  being 
derived  from  table  3. 

Normal  medusae  in  large  amounts  of  stagnant  water i.o 

Medusae  regenerating  their  bell  rims,  but  with  stomach  and  mouth- 
arms  intact 0.96 

Medusae  starving  without  stomachs 1.27 

Normal  medusae  in  small  aquaria  of  400  c.c.  capacity 1.7 

Normal  medusae  in  constantly  running  water 2.4 

Normal  medusae  in  water  sterilized  by  heating  it  to  71®  C, i.o 

Although  for  the  first  week  or  more  the  regenerating  medusse  generally 
lose  weight  more  rapidly  than  do  the  normal  animals  the  final  rate  of 
starvation  appears  to  be  practically  the  same  in  normal  and  in  r^enerating 
medusae  provided  their  stomachs  be  present,  and  this  is  in  accord  with  the 
well-known  converse  fact  that  the  rate  of  regeneration  is  independent  of  the 
food-supply,  starving  animals  regenerating  quite  as  rapidly  as  well-fed  ones. 

In  this  connection  it  appears  from  an  inspection  of  the  curves  accom- 
panying tables  4  to  27,  that  if  the  starving  medusae  lose  but  little  weight  for 
a  day  or  two,  a  succeeding  period  of  abnormally  rapid  loss  is  apt  to  ensue 
and  thus  the  animals  tend  to  follow  the  theoretical  curve  y  =  W(i  —  a)». 

Cassiopea  lives  in  shallow  lagoons  of  semistagnant  water,  where  it  lies 
fully  exposed  to  the  hot  sun  and,  as  table  3  shows,  it  loses  weight  slowly 
when  kept  in  quantities  of  water  of  about  6  liters  per  animal  in  aquaria  the 
water  of  which  is  changed  only  once  in  each  24  hours.  If  the  water  be 
changed  constantly,  however,  or  the  medusae  be  kept  in  running  water,  they 
starve  more  rapidly  than  if  maintained  in  stagnant  water. 

It  will  be  recalled  that  Allen  and  Nelson*  found  that  if  sea-water  be 
heated  to  70®  C.  practically  all  life  within  it  is  killed,  and  the  water 
remains  sterile  unless  reinfected. 

*  Allen,  E.  J.,  and  E.  W.  Nelson  (19x0).  Quarterly  Journal  of  Microscopical  Science,  London,  vol.  55. 
I>p.  36X-431;  also,  Journal  of  Marine  Biology  Association,  vol.  8. 
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Bearing  this  in  mind,  the  sea-water  was  doubly  filtered  and  then  heated 
to  71**  C.  after  which  it  was  allowed  to  cool  in  sterilized  glass  vessels  pro- 
tected from  dust.  Medusse  kept  in  this  sterilized  water,  whether  in  the 
dark  or  in  daylight,  lost  weight  no  more  rapidly  than  would  have  been  the 
case  had  they  been  starved  in  sea-water  that  had  been  merely  passed  through 
four  Chardin  filter  papers  without  being  sterilized  by  heating. 

When  sea- water  is  heated  to  7i**C.,  however,  some  of  its  dissolved  air  is 
expelled,  and  in  order  fully  to  compensate  for  this  medusae  were  starved  in 
a  control  sea-water  solution  which  had  been  placed  in  a  vacuum  under  the 
receiver  of  an  air  pump,  thus  expelling  far  more  air  than  was  lost  by  the 
sea-water  which  had  been  heated  to  71**  C.  It  was  found,  however,  that  the 
commensal  plant-cells  of  the  medusa  render  the  animal  comparatively 
independent  of  the  oxygen  of  the  sea-water,  provided  an  excess  of  COi  be 
absent,  and  thus  the  medusa  starves  at  practically  the  same  rate  in  heat- 
sterilized,  air-exhausted,  or  normal  filtered  sea-water.  In  fact,  it  starves 
at  this  same  rate  in  sea-water  which  has  been  doubly  filtered  through  the 
Chardin  filters  and  then  refiltered  through  porcelain  to  extract  bacteria 
and  nannoplankton.  Putter's*  "dissolved  food"  of  sea-water  may,  there- 
fore, still  be  available  as  food  even  after  all  organisms  have  been  taken 
out  of  the  sea-water,  and  it  appears  that  such  organisms  are  not  necessary 
to  initiate  a  process  of  assimilation. 

If  the  stomach  be  intact,  the  animals  starve  less  rapidly  than  if  it  be 
removed.  Animals  whose  stomachs  have  been  cut  off  can  regenerate  new 
gastro- vascular  centers,  but  this  is  rarely  done,  and  it  so  happened  that  none 
of  the  disks  studied  by  me  succeeded  in  replacing  their  stomachs,  although 
all  made  more  or  less  progress  in  regeneration. 

In  order  to  determine  the  effect  of  the  regeneration,  we  compared  the 
starving  rate  of  these  agastric  medusae  with  others  having  stomachs  intact 
but  regenerating  their  bell-rims,  an  annulus  of  the  bell  being  cut  off  close 
to  the  outer  edge  of  the  stomach,  as  is  shown  in  plate  i,  figure  C. 

Table  3  and  tables  18  to  25  show  that  disks  without  stomachs  lose 
weight  about  1.25  times  as  rapidly  as  do  regenerating  medusae  with  stomachs 
intact. 

Carbon  dioxide  plays  a  conspicuous  r61e  in  controlling  the  activities 
of  the  medusa,  for  Harvey*  found  that  during  the  day  the  velocity  of  nerve- 
conduction  is  greater  than  during  the  night,  and  this  fact  is  possibly  due 
to  the  variation  in  the  supply  of  oxygen  conditioned  by  symbiotic  algae 
in  the  subumbrella  tissue  of  the  medusa. 

It  was  found  that  if  we  make  a  weak  solution  of  rosolic  acid  in  sea-water 
and  divide  it  into  two  equal  volumes  in  two  separate  containers  and  then 
cut  a  medusa  into  halves  and  place  each  half  in  a  volume  of  the  rosolic-add 
solution,  it  will  be  observed  that  if  one  half  of  the  medusa  be  kept  in  diffuse 
daylight  and  the  other  half  in  darkness,  the  rosolic  acid  surrounding  the 

1  The  most  complete  presentation  of  Putter's  views  is  given  in  liis  recent  work  "Die  Bmfthrung  der 
Wasserthiere  und  der  Stoflfansalt  der  gewasser"  (Jena,  1910). 

s  Harvey,  E.  Newton.    Carnegie  Institution  of  Washington,  Year  Book  No.  xo,  191  x»  p.  X3X* 
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darkened  half  of  the  medusa  loses  color  and  fades  rapidly,  while  the  fluid 
surrounding  the  half  of  the  medusa  which  is  in  daylight  fades  more  slowly. 
This  and  the  lime-water  test  in  magnesium-free  sea-water  show  that  the 
medusa  gives  off  COi,  and  that  in  diffuse  daylight  less  CO2  is  given  off  than 
in  darkness;  the  difference  being  apparently  due  to  photosynthesis  on  the 
part  of  the  commensal  plant-cells  or  zodxanthellae  which  infest  the  gela- 
tinuous  substance  immediately  under  the  external  cell-layers  of  the  medusa. 

Tables  3,  1 1,  and  12  show  that  when  the  medusae  are  confined  in  a  small 
volume  of  water  they  starve  more  rapidly  than  if  kept  in  large  aquaria. 
They  also  pulsate  slower  when  confined  in  small  aquaria,  and  a  slight  excess 
of  CO2  brings  them  to  rest,  but  even  when  not  moving  they  lose  weight 
far  more  rapidly  than  if  pulsating  in  normal  sea-water,  the  toxic  effect  of 
COj  being  very  noticeable.  If  a  few  bubbles  of  CO2  be  passed  through 
sea-water  the  medusae  cease  to  pulsate;  plate  i,  figure  A,  is  derived  from  a 
photograph  of  animals  treated  in  this  manner.  Upon  replacing  the  medusae 
in  normal  sea- water  pulsation  is  immediately  renewed,  no  permanent  toxic 
effects  appearing  until  they  have  been  subjected  to  the  COi  for  about  24 
hours. 

The  influence  of  CO2  is  probably  counteracted  by  the  well-known  photo- 
synthesis due  to  the  commensal  plant-cells  or  zo5xantheIlae. 

When  the  medusae  are  starved  in  diffuse  daylight  these  plant-cells  become 
more  and  more  crowded  as  the  medusa  declines  in  bulk,  and  after  several 
days  of  starving  they  begin  to  escape  early  in  the  morning,  when  the  swarm- 
ing zooxanthellae  penetrate  the  ectoderm  and  pass  out  into  the  ocean,  where 
they  swim  actively,  and  finally  settle  upon  those  lighted  parts  of  the 
cylindrical  glass  aquarium  which  are  away  from  the  source  of  light,  the 
swarming  cells  being  entrapped  in  the  lighted  meniscus  of  the  aquarium 
in  accordance  with  the  Jennings  reaction.  When,  on  the  other  hand,  the 
medusae  are  starved  in  the  dark,  the  algal  cells  are  rendered  inactive  and  do 
not  escape  into  the  water.  Medusae  starved  in  the  light  become  dark 
brown  in  color  after  the  first  10  days,  for  the  plant-cells  remain  alive,  al- 
though apparently  unhealthy  and  probably  inactive. 

When  the  medusae  are  starved  in  darkness  many  of  the  plant-cells  die 
and  dissolve  in  situ  in  the  gelatinous  substance.  Not  all  of  these  cells  die, 
however,  for  a  few  still  remain  alive  and  apparently  healthy  after  being 
more  than  a  month  in  the  dark,  and  if  the  medusa  be  replaced  in  the  light 
these  cells  propagate  and  again  provide  the  animal  with  a  normal  supply  of 
zo5xanthelIae.  Sections  show  that  when  the  medusae  starve  in  the  dark  the 
gelatinous  substance  becomes  vacuolated  and  edemic,  due  possibly  to  the 
unreduced  excess  of  CO2  in  the  tissues.  Thus  the  medusae  when  starved 
in  the  dark  appear  to  suffer  from  lack  of  oxygen,  being  in  effect  partially 
suffocated.  Yet  even  when  the  plant-cells  have  been  greatly  reduced 
through  26  days  of  starvation  in  the  dark,  the  medusae  can  still  pulsate  for 
2  or  more  hours  at  nearly  a  normal  rate  in  sea-water  that  has  been  boiled 
to  expel  its  oxygen.     It  at  one  time  seemed  that  these  plant-cells  played 
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a  significant  r61e  in  maintaining  the  weight  of  the  medusa  when  starved  in 
daylight,  but  further  experiments  have  shown  that  this  is  not  the  case, 
for  the  medusae  sometimes  starve  at  a  more  rapid  rate  in  diffuse  daylight 
than  in  the  dark,  although  the  reverse  is  usually  the  case. 

It  is  not  the  object  of  this  paper  to  present  an  exhaustive  review  of  all 
previous  researches  upon  the  metabolism  of  inanition  in  invertebrates, 
because  previous  studies  do  not  touch  upon  the  chief  subject  of  this  study — 
the  law  of  the  decline  of  weight.  A  brief  mention  of  certain  important 
sources  of  general  information  should,  however,  be  presented. 

The  earliest  work  appears  to  be  that  of  Dumas  and  Milne-Edwards 
(1820,  Annales  Chim.  et  Physique,  tome  14;  and  also  in  the  Comptes  Rendus, 
Paris,  1843,  tome  17,  p.  531)  upon  the  metabolism  of  bees. 

Peligot  (1865,  Comptes  Rendus,  tome  61,  p.  866;  and  1867,  Annales 
Chim.  et  Physique,  tome  12,  p.445)  studied  silkworms  in  the  same  connection. 

Especially  worthy  of  mention  is  the  work  of  SlowtzoflP  (1904),  who  found 
that  when  starved  the  vineyard  slug  consumed  about  25.74  P^r  cent  of  its 
total  weight  and  about  28.41  per  cent  of  its  store  of  energy.  The  relation 
between  the  organic  and  inorganic  substance  remains  the  same  in  the 
normal  and  in  the  starved  animals.  The  loss  of  vital  substances  consists 
of  fat,  carbohydrates,  and  water  in  the  proportions  of  carbohydrate  93.98 
per  cent,  fat  78.51  per  cent,  and  water  about  30.02  per  cent,  while  the  loss 
of  albumen  was  computed  to  be  23.70  per  cent.  As  a  result  of  starvation 
the  soft  parts  of  the  animal  acquire  an  increase  of  insoluble  salts  to  about 
35.9  per  cent.  During  the  period  of  starvation  the  slugs  consume  4.84 
calories  of  energy  per  kilogram  of  their  weight  per  24  hours.  The  phos- 
phoric albumens  were  largely  retained,  only  about  19  per  cent  of  these 
being  parted  with. 

In  1901  the  same  author*  starved  the  dung  beetle,  Geotrypes  stercorarius 
and  found  that  in  from  5  to  11  days  it  lost  about  21  per  cent  of  its  original 
weight,  the  loss  appearing  to  be  chiefly  water  and  fat. 

Schulz*  starved  Planaria  lactea  and  states  that  after  6  months  without 
food  some  of  the  worms  were  reduced  to  about  one-tenth  their  original 
size.  There  were,  however,  considerable  individual  differences,  some  of  the 
animals  being  three  times  as  large  as  the  smallest  after  all  had  starved  for 
6  months.  Schulz  made  a  histological  study  of  the  starved  worms  and 
found  that  some  of  the  cells  were  killed  as  a  result  of  the  starvation,  while 
others  had  degenerated  or  become  reduced  in  size.  The  epithelium  tends 
to  fuse  and  its  cells  to  degenerate  into  a  syncytium,  very  much  as  we  have 
observed  in  Cassiopea, 

Perkins*  observed  that  the  cells  of  the  attached  hydroid  larvae  of  Goni- 
onemus  murbachU  degenerated  in  aquaria,  where  presumably  they  were 

*  Slowtzoff,  B.  (1904).  Bdtrage  sur  vergleichendeii  Physlologie  der  Hungentoffwechads,  Mittheii.  9, 
Der  Hunceratoffwechael  der  WdmberncfaneclDe  (Hofmeister's  Bdtrage). 

*  Slowtxo£F,  B.  (Z909)-  Idem,,  MittheU  5,  Der  HtmserBtoffwedwd  der  MIstkSfer  (CeolryPM  stercorarius). 
Blodiemlsdier  Zeitadirift,  Bd.  19.  p.  504. 

*Sdittlz,  E.  (1904).  Ueber  Reductloiieii.  I,  Vtbtr  Hoiifendieinuiigeii  bd  Planaria  lacUa,  Ardiiv 
ffir  Entwfddtinfsmedianik  der  Organiimen,  Bd.  x8,  pp.  5SS'577f  Taf.  34.  n  fign- 

« PerUnt,  H.  P.  (1902) .  Proc.  Acad.  Natural  Sd..  Phttaddphia,  vol.  54.  p.  765 ;  also :  1902.  Bid.  Bulletin 
Woods  Hole,  vol.  3,  pp.  173-180. 
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unfed  or  poorly  nourished,  and  that  the  larvae  became  amoeboid  and  changed 
into  creeping  plasmodia  without  cell  boundaries.  Thacher*  also  observed  a 
process  of  d^eneration  in  hydroid  colonies  of  Eudendrium,  Pennaria,  and 
Campanularia  kept  in  aquaria.  The  polypites  of  these  forms  are  absorbed, 
the  degenerating  cells  of  the  entoderm  and  finally  the  ectoderm  of  the 
hydranths  being  turned  into  the  digestive  tract  of  the  stem. 

By  contrast  with  the  few  studies  upon  invertebrates  many  researches 
have  been  conducted  upon  the  metabolism  of  matter  and  energy  in  the  body 
of  starving  vertebrates.  To  properly  review  this  literature  would  carry  us 
too  far  afield  and  indeed  a  text-book  would  be  required  for  the  purpose,  but 
the  literature  of  the  subject,  in  so  far  as  it  relates  to  man  and  the  higher 
vertebrates,  has  been  exhaustively  reviewed  by  Atwater  and  Langworthy 
(1897)  in  their  "Digest  of  Metabolism  Experiments"  (434  pp..  Bulletin  No. 
45,  United  States  Department  of  Agriculture,  OfHce  of  Experiment  Sta- 
tions). One  should  also  consult  such  later  works  upon  vertebrates  as  At- 
water and  Benedict  (1903),  Benedict  (1907),  Weber  (1902),  Ergebnisse  der 
Physiologic;  Schaefer  (1898),  Text  Book  of  Physiology,  vol.  i,  p.  891; 
Manca  (1902),  Pembrey  and  Spriggs  (1904),  Abderhalden,  Bergell,  and 
Dorpinghaus  (1904),  Hatai  (1904),  Cathcart  and  Fawsitt  (1907),  and 
Maignon  (1908),  and  others  referred  to  by  these  authors,  the  list  of  papers 
cited  by  Pembrey  and  Spriggs  in  the  Journal  of  Physiology  (Cambridge, 
vol.  31,  pp.  320-345),  and  by  Benedict  (1907),  being  especially  enlightening. 


EXPLANATION  OF  THE  TABLES. 

In  the  figures  accompanying  tables  4  to  25,  when  the  medusae  are  starved 
in  darkness  their  observed  weights  are  indicated  by  black  dots;  when  starved 
in  the  diffuse  light  of  the  laboratory  their  weights  are  shown  by  circles. 

Tables  4  to  25  refer  to  Cassiopea  xamachana  and  table  26  to  the  allied 
species  C.  frondosa,  which  follows  a  law  in  its  starvation  similar  to  that  of 
C.  xamachana. 

Table  4  shows  the  decline  in  weight  of  6  normal  medusae  of  Cassiopea 
xamachana  starved  41  days  in  filtered  sea-water,  in  the  diffuse  light  of  the 
laboratory,  at  temperatures  ranging  from  27.3®  to  30.1**  C,  from  June  18  to 
July  29,  191 1,  at  Tortugas,  Florida.  The  medusae  were  kept  in  a  6-liter 
glass  aquarium,  the  water  being  changed  once  in  every  24  hours.  Compare 
this  with  table  10  to  see  the  effect  of  darkness  upon  medusae  subjected  to 
conditions  as  nearly  as  possible  identical  with  the  medusae  starved  in  day- 
light. The  curve  y  =  75(1  —  0.075)*  does  not  accord  well  with  the  facts, 
but  the  curve  represented  by  y  =  75(1  —  0.058)*  accords  fairly  well  with 
the  observed  decline  in  weight  up  to  the  sixteenth  day,  after  which  it 
departs  more  and  more  widely  from  the  observed  weights  and  is  unsatis- 
factory.    (See  table  5.) 

1  Thacher,  H.  F.  (1903).    Biol.  BuUetin  Woods  Hole.  vol.  4.  PP.  96-98* 
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Table  4. 


Dv» 

Obwrved 

Cak^latfd 

dapKd. 

weight  in 
grami. 

wdgliU 

74^5 

7$ 

73,30 

68.3XS 

64.13 

65.345 

6a^5 

84.9' 

1 

2 

59.065 

55.37 
SiJb2 

464>5 

8 

47.955 

40.a 

9 

45.16 

xo 

42^ 

34.3s 

XX 

40^95 

xa 

36^8 

994 

X3 

33.835 

X4 

31.185 

ii^' 

Jl 

ap.xx 
a8.o65 

iUsi 

17 

a7.77 

•  •  •  • 

X8 

14.78 

18^5 

X9 

23.15 

SO 

ai^ 

XS.75 

ax 

;isi 

aa 

x'iio 

93 

X7X)I 

U 

X5.67 

ii^S 

u 

X4.46 
X3^ 

9io 

n 

XI.73 

xo^ 

'M7 

99 

6^3 

30 
3X 

Vii 

3« 

6.18 

33 

6.04 

•  •  •  • 

34 

s-l^ 

5.39 

11 

t5J 

4US3 

37 

4.05 

38 

3.67 

Vii 

39 

3.39 

40 

3-07 

3.31 

4X 

a.78 

3.07 

>  According  to  fonnnla 
y  -  75(1  -  oMis); 


Table  , 

5. 

Days 

Obaerved 

CftlcQlated 

dapaed. 

wdglita. 

weiglit.1 

0 
5 

74.95 
59.065 

55.65 

xo 

42.69 

41.7 

XS 

99.11 

30^ 

90 

as 

30 

s 

Hi' 

19^5 

35 

4.84 

9.23 

40 

3.07 

6^7 

8  CteiioiMa  meduMe  itarvad 
41  daya  in  dim»e  daH^ 
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T 

9 

ft 

$ 

ss 

« 
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« 
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s 

i 
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I 

U 

J 

S3 

J 

8 

0/ 

SI 

el 

8 

0  / 

ss 

0  / 

» 

0    / 

8 

©    / 

^ 

D      / 

a 

/ 

u 

/  ^ 
/  ?* 

4 

9 

9 
55 

S 

2 

S 

2 

a 

>  According  to  fonnnia 
y  -  75(x  -  0.058)*, 


Diagram  illustrating  Table  4. 
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Table  6  shows  the  decline  in  weight  of  lo  normal  medusae  of  Cassiopea 

xamachana  starved  25  days  in  filtered  sea-water  in  the  diffuse  light  of  the 

laboratory  from  June  22  to  July  17,  1910,  at  Tortugas,  Florida.    The 

medusae  were  kept  in  a  6-liter  glass  aquarium,  the  water  being  changed 

once  in  each  24  hours. 

Table  6. 


Dtiy 

Obeenred 

weight.iii 

grami. 

wdghU 

Day 

ebpwd. 

Observed 
wdchtin 

gZBIIIf. 

Cakulated 

Days 

ebpwd. 

Obeenred 

weight  in 

gnmi. 

wdghU 

0 
z 
a 
3 

4 

1 

I 

X19.S8 

Z03!ss 
97^ 
97.2a 

131 

Z24.97 

zz9.az 

Z03.49 
98.77 

9 

10 

11 

19 

X3 
14 

\l 

17 

86.24 
79.S4 
72.31 

Sii 

6ii24 

85.67 
7441 

III 

58'ia 

18 
19 

30 
91 
99 
23 
24 
25 

56.79 
5345 

51.81 
48.30 
45.84 
44.71 
42.78 
39.7 

5XA)9 
48.73 
46.5 

42.31 
40.35 

>  According  to  formula  y  «  131(1  —  0.046)*. 


•No 


10  medunt  o^  GMriopea  starved 
2S  days  in  diffoie  day-light 
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Diagram  illustrating  Table  6. 

Table  7  shows  the  decline  in  weight  of  11  normal  medusae  of  Cassiopea 
xamachana  starved  22  days  in  filtered  sea-water  in  the  diffuse  light  of  the 
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laboratory,  at  temperatures  ranging  from  27.1®  to  30.1**  C,  from  June  19 
to  July  II,  191 1,  at  Tortugas,  Florida.  The  medusae  were  kept  in  a  6-litcr 
glass  aquarium,  the  water  being  changed  once  in  each  24  hours. 

Table  7. 


Days 
dapKd. 

Observed 

weight  in 

gruns. 

Calculated, 
weight.' 

Days 
elapsed. 

Observed 

weight  in 

grams. 

Calculated 
weigfat.1 

Days 
dapsed. 

Observed 

weights 

grams. 

Calculated 
weight.1 

0 

I 

3 
3 

4 

1 

7 

496.9 
457 

399^ 

385.1 

369.3 

365.5 

345 

497  _ 

470.66 

445.8 

42X.95 

399.59 

377.22 

358.83 

339.45 

8 
9 
10 
II 
12 
13 
X4 
15 

328 

290.99 

278.95 

266.3 

249.5 

240.8 

273.35 
258.94 

245X)2 

332.10 
219.67 

16 

11 

X9 
20 
31 
33 

333.3 

306.9 

X91.2 

179.2 

172.2 

161  j63 

150.09 

208.24 

X67.49 
X58.54 
150.35 

Aooocding  to  formula  y  -  407(1  —  0.0529)*. 
RxifAREi. — ^Free-swimming  algal  cells  were  given  off  from  these  medusK  every  morning  soon  after  day- 


Ugfat  for  the  first  week, 
away  from  the  light. 


These  plant-cells  collected  on  the  side  of  the  cylindrical  glass  aquarium  wliich  was 


11  medusae  of  Oassiopea  starved 
22  days  in  diffuse  day-light 
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Daysz 
Diagram  illustrating  Table  7. 

Table  8  shows  the  decline  in  weight  of  a  single  normal  medusa  of  Cassi* 
opea  xamachana  starved  17  days  in  the  diffuse  daylight  of  the  laboratory  in 
filtered  sea-water  at  temperatures  ranging  from  26.5®  to  30.1®  C,  from 
June  22  to  July  9,  191 1,  at  Tortugas,  Florida.  The  medusa  was  kept  in  a 
6-liter  glass  aquarium,  the  water  being  changed  once  in  each  24  hours. 


Table  8. 


Days 

Observed 

Calculated 

Days 

Observed 

Calculated 

elapsed. 

weight  in 
grams. 

weight.! 

elapsed. 

weight  fai 
grams. 

weight.1 

261.9s 

262 

10 

m-' 

\l'i& 

248.5 

in% 

II 

243*9 

12 

121.95 

z  15.28 
io8.ai 

231.5 

213.53 
199.38 

13 

XX2 

2x5.8 

14 

1 10.2 

Z02j6I 

5 

192.7s 

186.28 

IS 

X0X.8 

94.06 

6 

18S.7 

173.97 

16 

S?l 

87.77 

7 

X66.7 

162.44 

17 

82 

8 

IS8.3 

ISI.7 

9 

144.7 

141.74 

>  According  to  the  formula  y  »  262(1  —  0.66)*. 
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A  mednn  of  Ounopea  starved 
17  days  in  diffow  day-fiflit 
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Diagram  illustrating  Table  8. 

Table  9  shows  the  decline  in  weight  of  two  normal  medusae  of  Cassiopea 

xamachana  starved  25  days  in  diffuse  daylight,  in  filtered  sea-water,  at  27.5® 

to  30**  C,  from  June  28  to  July  23, 1912,  at  Tortugas,  Florida.    The  medusae 

were  placed  in  a  glass  aquarium  holding  6  liters,  the  water  being  changed 

once  in  each  24  hours. 

Table  9. 

551 


Days 
elapaed. 

MeduaaA. 

MeduaaB. 

Obaerved 

wdghtin 

gxama. 

Weight.1 

Obaerved 

weight  in 

gxama. 

Weight.* 

0 

4 
7 

xo 
13 
17 

ai 

2S 

43j6a 
31.73 
a6.94 
ao.sa 
X648 
i3.as 
X0.19 
7 

3a.oo 
as.76 
ao.8o 
16.79 

7 

U38 
34.94 
39.08 
as.Sx 
19.41 
X4.09 
xa.3S 

54.9 

30.X9 
as.25 
X9.87 
1S.70 
I3.3S 

*  Calculated  from  formnla  y«  4a.6a(x  ~  0.069a)*. 
s  Calculated  from  the  formula  y  «  54.9(i  -  o.os79)'. 
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Diagram  illustrating  Table  9. 
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Table  lo  shows  the  decline  in  weight  of  6  normal  medusae  of  Cassiopea 
xamachana  starved  26  days  in  filtered  sea-water  in  the  dark  at  temperatures 
ranging  from  27.3®  to  30.1®  C,  from  June  18  to  July  14,  191 1,  at  Tortugas, 
Florida.^  The  medusae  were  placed  in  a  6-liter  glass  aquarium,  the  water 
being  changed  once  in  each  24  hours.  The  temperature  conditions  were 
similar  to  those  maintained  for  the  medusae  whose  rates  of  decline  are 
shown  in  table  4. 

Table  10. 


Dtyt 

Observed 

CaicnimtmA 

Day 

Observed 

Cidculated 

Day 

Observed 

CmiatimttiA 

elapMd. 

wdghtin 
gnm. 

wdgbLi 

elapaed. 

Wiftli^t  In 
grams. 

wdght.t 

dapsed. 

weight  in 
grams. 

weight 

8S.S9 

8sj6 

9 

4Z.03 

4*^7 

X8 

93.94 
90.965 

90.97 

79^7 

79.18 

10 

40.96 

39.ao 

19 

Z943 
X7.98 

7$ 

73.a7 

xz 

39^ 

36*99 

90 

ift.8s 

12 

iij? 

33.56 

91 

17.56 

16^ 

Ui^ 

6aJ66 

X3 

3IX)7 

99 

X5ax 

15.41 

S7.87 

14 

27.S3 

98.76 

93 

14.38 

X4.9I 

SaA 

53.59 

>$ 

S7.ia 

96.54 

94 

I3X>7 

X3.X8 

I 

Si.TOS 

n^ 

z6 

51? 

94.57 

95 

10.78 

X9.X6 

A^JOQ 

17 

99.77 

96 

8.99 

XX.30 

>  According  to  tlie  formula  y  «  85.6(x  .-  ox>75)*. 

Rbcaucs.— These  6  medase  wers  captured  in  the  moat  of  Port  Jefferson,  Tortngas,  on  June  x6  and 
wdglied  for  tlie  ilrit  time  on  Jnne  x8.  xpxx.  Hie  smallest  was  alMitt  95  mm.  wide  on  Jane  x8.  On  Jmie  99 
the  smallest  was  only  8.5  mm.  wide,  and  by  June  95  and  96  the  medusae  had  begun  to  macerate. 


Mf 
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Diagram  illustrating  Table  10. 

1  For  the  first  14  days  the  meduse  remained  in  complete  darkness,  not  being  exposed  for  an  instant  to 
the  light.  On  the  fourteenth  day  thenr  were  observed  in  diffuse  light,  and  it  appeared  that  they  were  all  blue- 
translucent,  not  greenish  gray,  as  are  the  normal  medusae.  The  algal  cells  were  then  greatly  reduced  in  number. 
The  medusae  were  then  replaced  in  the  dark  as  soon  as  possible,  and  remained  in  darkness  until  the  end  of  the 
experiment,  excepting  that  from  the  fourteenth  to  the  twenty-sixth  day  they  were  weighed  in  the  diffuse  light 
of  the  laboratory  but  were  replaced  in  the  dark  room  immediately  after  each  weighing. 
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Table  11  shows  the  decline  in  weight  of  a  single  medusa  of  Cassiopea 
xamachana  starved  19  days  in  filtered  sea-water,  in  the  dark,  at  temperatures 
ranging  between  27.3®  and  30.1®  C,  from  June  30  to  July  19,  191 1,  at 
Tortugas,  Florida.    During  the  first  10  days  this  medusa  was  placed  in 


A  raedm  of  Cttriopea  itarvtd 
ISdnysinthedark 
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Diagram  illustrating  Table  11. 

400  C.C.  of  sea-water  which  was  changed  once  each  day.  After  this  it  was 
placed  in  a  glass  vessel  holding  about  6  liters  and  the  water  was  changed 
constantly  by  mechanical  means,  thus  giving  an  abundant  supply  of  fresh 
sea-water.  Compare  this  with  table  12  which  shows  the  starving  rate  of  a 
medusa  maintained  in  daylight. 

Table  ii. 


Dtyt 

elapied. 

Obterved 

weight  in 

gfmmi. 

Calculated 
weiglit.' 

Dv* 
d.paed. 

Obwnred 

weight  in 

grama. 

weighU 

Daya 

Obterved 

weight  In 

grama. 

weight.^ 

1 

3144 

a4^85 
23,77 

44^ 

40^5 

36.24 

39^ 

39.19 

26.as 

33j63 

I 

9 
XO 
XZ 

xa 
13 

33.66 
ao.49 
18.99 
16.OS 
Z5X>3 
Z4.0Z 
X3.xa 

ax.a7 
19.13 
17.34 
IS.S3 
X3.97 
13.57 
11.303 

14 
X9 

10.4s 
9.45 

5^3 
4^3 

Z0.X9 

til 

m 

6 

1 1 

1  According  to  the  formula  y  "-  44.s(x  —  o.z>*. 

RxifARKS.— On  July  19  maceratum  began  and  the  experiment  waa  diacontinned. 

Table  12  shows  the  decline  in  weight  of  a  single  medusa  of  Cassiopea 
xamachana  starved  20  days  in  the  diffuse  daylight  of  the  laboratory,  and 
then  for  15  more  days  in  the  dark,  in  filtered  sea-water  at  temperatures 
ranging  between  27.3®  and  30.1®  C,  from  June  30  to  August  4,  191 1,  at 
Tortugas,  Florida.  During  the  first  10  days  this  medusa  was  placed  in  400 
c.c.  of  sea-water  which  was  changed  once  each  day.  After  this  it  was 
placed  in  a  glass  vessel  holding  about  6  liters  and  the  water  was  changed 
constantly  by  mechanical  means,  thus  giving  an  abundant  supply  of  sea- 
water.  The  conditions  of  the  experiment  are  comparable  with  those  shown 
on  table  11,  excepting  that  table  12  applies  to  a  medusa  starved  in  daylight, 
while  table  11  shows  the  decline  in  weight  of  one  starved  in  darkness. 
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Immediately  after  the  twentieth  weighing  the  medusa  was 
placed  in  the  dark  and  thenceforth  maintained  in  darkness  until  the 
end  of  the  experiment.  The  results  are  given  in  table  13.  When 
the  records  ceased,  maceration  had  begun. 


Tablb  12. 


Dtyt 

OlMerved 

Calculated 

ebpKd. 

weight  in 
giami. 

weight.! 

0 

4i*3a 

41.3 

I 

33-92 

2 
3 

30.52 
29.18 

\l^ 

4 

26.66 

95.4 

1 

25.09 

22.47 

a4^3 

19.9X 

7 

22.93 

17.64 

8 

20.77 

15.61 

9 

17.63 

13.84 

10 

Z64Z 
13.80 

12.22 

ZI 

XO.82 

12 

12.02 

9.58 

13 

9.86 

8.SX 

14 

9^ 

7.5a 

M 

8.93 

6.65 

7.34 

S.9X 

17 

SU 

5.20 

z8 

4.875 

4.63 

19 

4.27 

4-09 

20 

3.66 

3.63 

>  According  to  fonnula 
y  -  4X.3(x  -  0.XI45)*. 


Diagram  illustrating  Tables  12  and  13. 
Table  13. 


Days 
elapeed  in 
darkness. 

Observed 
weight. 

Calculated 
weight.! 

Days 
elapsed  in 
dazkness. 

Observed 
weight. 

Calculated 
weight.1 

Days 
elapsed  in 
darkness. 

Observed 
weight. 

Calculated 
weight.* 

21 
22 
33 
34 
95 

X.52 

2.72 

26        6 

H    I 

99        9 
30      10 

x.54« 

X.205 
ijOl 

0.87 
0.75 

Z.206 
1.02 
0.84 
0.74 

3Z         XI 

32  X2 

33  X3 

34  X4 

35  X5 

0.68 
0.54 
0.54 
0.45 
0.29 

Oj64 
0.54 
0.45 
0^ 
0.34 

>  According  to  the  formula  y  «  3.9(x  —  0.15)*. 


*An  error  in  weighing. 
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Table  14  shows  the  decline  in  weight  of  a  normal  medusa  of  Cassiopea 
xamachana  starved  25  days  in  the  dark,  in  filtered  sea-water,  at  27.5®  to  30® 
C,  from  June  28  to  July  23,  1912,  at  Tortugas,  Florida.  The  medusa  was 
placed  in  a  glass  aquarium  holding  6  liters,  the  water  being  changed  once  in 
each  24  hours. 

Table  14. 


Days 
dapfled. 

0 

4 

7 

10 

Obaerved 

weight  of 

meduaain 

grams. 

Calculated, 
weight.! 

Days 
elapeed. 

Observed 

weight  of 

medusa  in 

grams. 

Calculated 
weight.i 

32.77 
2I.S8 
19.54 
17.34 

32.77 
25.17 
20.61 
X6.91 

13 
17 

21 
25 

X5.09 

12.52 

9.04 
6.28 

13.93 
10.65 

8.X2 

6.28 

According  to  formula  y  —  32.77(x  —  0.0639)*. 
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Diagram  illustrating  Table  14. 


Table  15  shows  the  decline  in  weight  of  two  medusae  of  Cassiopea 
xamachana  starved  in  diffuse  daylight  in  constantly  changing,  filtered  sea- 
water  at  temperatures  ranging  from  27.3®  to  30.1**  C,  at  Tortugas,  Florida, 
from  July  10  to  August  4,  191 1.    Compare  this  with  table  16. 

These  medusae  were  starved  side  by  side  in  the  same  6-liter  glass  vessel 
and  were  subjected  to  the  same  changes  of  temperature,  water,  light,  etc. 
Being  in  running  water,  they  lost  weight  more  rapidly  than  one  would 
expect  had  they  been  in  semi-stagnant  water. 


Table  15. 


Days 
elapwd. 

MedunA. 

Medusa  B. 

Days 
elapeed. 

MeduaiA. 

Medusa  B. 

Ob- 
•erved 
wdght. 

ExpecUd 
weight.! 

Obwrved 
weight. 

Expected 
weight.) 

Ob- 

Expected 
weight.1 

Obsenred 
weight. 

Expected 
weight.* 

served 
weight. 

10.26 

8.09 
7.21 
6.09 
5.41 
4.73 
4.17 
3.99 

^•^ 
3.08 

2.52 

0 

X 

2 
3 

4 

1 
I 

9 
zo 

II 
12 

40.58 

40.26 

37.08 

31.6 

27.03 

23.47s 

19.79 

18.15 

17.41 

14.17 

12.79 

40^ 

36.48 

32.76 

29.43 

26.47 

23.79 

21.36 

19.20 

17.25 

15.47 

13.93 

12.50 

11.25 

37.16 

Il:l8 

23.53 
20.03 
18.35 
16.53 
13.78 
13.48 
12.43 
11.19 

37.1 
33.37 
29.95 
26.90 
24.15 
21.70 
19.47 
17.50 
15.72 
14.12 
12.67 
11.37 
10.22 

13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

10. 1 1 
9.05 
8.16 
7.31 
6.58 
5.93 
5.32 
4.75 
4.26 
3.85 
3^ 
3.II 
2.79 

8.20 

HI 

7.00 

6.515 

5.39 

4.73 

3.99 

IS 

6.65 
5.95 
5.35 
4.79 
4.31 

1 

>  Calculated  from  formula  y  < 
*  Calculated  from  formula  y  > 


'  40.6(1  —  o.iois)*. 
>  37.16(1  —  0.102)*. 
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t  mwhiMe  of  CMwopea  itmud  in 
runniof  wMtcr  in  dUfim  day-l%lit 
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Diagram  illustrating  Table  15. 


Table  16  shows  the  decline  in  weight  of  two  medusae  of  Cassiopea 
xamachana  starved  9  days  in  the  dark  in  constantly  changing,  filtered  sea- 
water  at  temperatures  ranging  from  27.3**  to  30.1®  C,  at  Tortugas,  Florida, 
from  July  10  to  19,  191 1.    Compare  this  with  table  15. 

Table  16. 


0Urved 

witer 


Days 

MedimC. 

Medusa  D. 

ebpwd. 

Ob- 

•enred 
wdght. 

wdglit.> 

Obaervad 
weight. 

^3Sm 

0 

SX 

36.37 
34.17 

36.37 

X 

»$I.T« 

51 

99  Ai 

3 
3 

ns& 

43.58 
35.5S 

94.88 

T^ 

4 

30^ 

99.68 

ttJOA 
13.06 

1 

38^8 

24.79 

XS.33 

24.13 

ao.71 

X4.X9 

Z0.66 

I 

I9.a$ 

17.29 

9^2 

8.69 

Z7.6X 

Z4.43 

7.49 

7.06 

9 

11.97 

ia.03 

5.79 

S.78 

>  Acoording  to  fonnnla  y  «  sx(i  —  0.165)*. 

*  According  to  formula  y  «  36.37(1  —  0.185)'. 

*  Meduia  C  did  not  begin  to  kMe  weight  until  after 
it  had  been  confined  24  houn  in  the  dark.  The  com- 
menaal  plant^xlb  eeem  to  be  of  no  aid  to  the  medun 
wlien  in  pure,  conitantly  changing  lea-water.  The  me- 
duate  live,  in  nature*  only  in  semi-ttagnant  lalt  lagoons. 


0188466789 
Dbjsx 
Diagram  illustrating  Table  16. 


Tablb  17. 


Days 

Medusa  A. 

Medusa  B. 

Medusae. 

Weights  in 

Weights  in 

Weii^tshi 

ehSied. 

water  wtiich 

Calculated 

water  which 

Calculated 

normal  fil- 

Cal«Ti^tH 

to  70*  C. 

wei^tts.^ 

had  been  pai^ 
tially  i^xhautttd 
1        of  air. 

weights.* 

tered  sea* 
water. 

weights.* 

0 

49.567 

50 

40^9 

35.83 

35.8 

9 

46^1 

44.69 

40.5 

99.94 

3X.89 

t 

45.13 

39.9 

«38.57 

36.08 

28.^ 
94.01 

98.32 

38.39 

35.6 

32.18 

39.19 

95.Z6 

8 

33.09 

31.8 

31.64 

98.7 

99.94 

99.37 

zo 

29.7 

98.3 

99.98 

95.55 
99.76 

90.93 
19.X8 

X9.95 

Z9 

96.19 

95.25 

95.73 

17.6X 

'4 

23.7 

99.7 

91.89 

90.99 

16.77 

15^5 

19.83 

90.9 

18.98 

18.I 

13.93 

13.99 

18 

X8.18 

17.8 

X6.5Z 

X6.51 

19.45 

X9.45 

90 

15.7 

15.4 

X4.36 

1475 

XI.X 

XX.06 

^  Acoording  to  the  formula  y  «  50  (i  .-  0.0553)*. 
*  Acoording  to  tlie  formula  y  «  40.5(1  ^  0.0559)'. 


*  According  to  the  formula  y 

*  Probably  an  error. 


.  35.8(i-0/)57)* 
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Table  17  shows  the  decline  in  weight  of  three  normal  specimens  of  Cassi- 
opea  xamachana  starved  for  20  days  at  Tortugas,  Florida,  in  filtered  sea- 
water.    One  medusa  {A)  was  maintained  in 
water  which  had  been  heated  to  71®  C.  and 
then  cooled  to  normal  temperatures.    Another 

(B)  was  kept  in  sea-water  from  which  most 
of  the  dissolved  air  had  been  exhausted  by 
means  of  an  air  pump.     The  third  medusa 

(C)  was  kept  in  normal  filtered  sea-water. 


0  2  4-  6  8  10  12  14  16 

Diagram  illustrating  Table  17. 

Table  18  shows  the  decline  in  weight  of  three  half  disks  of  Cassiopea 
xamachana  each  starved  in  6  liters  of  water  in  diffuse  daylight^  together  with 

Table  18. 


Days 

dapted. 

DUkA. 

DiskB. 

DiskC. 

Weights  of 

Wd^tsof 
hatf^disk 

Half  of  disk 

starved  in  sea* 

Weights 

starved  in  sea- 

Weight 

starved  in 

Weight 

water  wiiich 

calculated.' 

water  which 

calculated.* 

normal  fil- 

calculated.* 

had  been  heated 

had  been  par- 

tered sea- 

toTi'C.     1 

tially  exhausted 
of  air. 

water. 

0 

33.0s 
17^1$ 

a3X)$ 

90.035 

ao.03 
17^8 

18.535 

18.S 

a 

17.07 

15.68 

i6.a7 

i 

17.96 

X4.7a 

I5j6a 

13^3 

I4.a7 

XS.S5 
la^a 

15.89 

ia.33 

X3.8a 

11.84 

ia.5a 

8 

14 

11.38 

ia.a 

ixx>4 

XX 

10 

ia.i6 

ia.4 

10.17 

X0.8 

9.04 

9.65 

la 

nn 

ii.i 

8.39 

9.66 

7.7 

8.57 

x8 

9J69 

8.4a 

7.ai 

7^ 
6.53 
5.7a 

n\ 

?:§ 

l^ 

IS 

'sis 

ao 

6.71 

6.71 

6.a 

5.03 

5.03 

'  According  to  formula  y  «  a3(i  —  0.06)'. 

•  According  to  formula  y  —  ao(x  —  o w*. 

•  According  to  formula  y  «  18.5(1  —  0.063)'. 
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Diagram  illustrating  Table  i8. 


20 


the  normal  medusae  described  on  table  17.  The  stomach  and  mouth-arms 
were  cut  off  and  the  disk  cut  into  halves.  One  half  (Disk  ^4)  was  starved 
in  doubly  filtered  sea-water  which  had  been  heated  to  71^  C. ;  the  other  half 
of  the  same  disk  (Disk  B)  was  starved  in  doubly  filtered  sea-water  which 
had  been  placed  in  a  vacuum  to  expel  most  of  its  dissolved  air.  The 
third  half  disk  (Disk  C)  was  taken  from  another  medusa  and  was  starved 
in  normal  doubly  filtered  sea-water. 

Table  19  shows  the  decline  in  weight  of  two  regenerating  specimens  of 
Cassiopea  xamachana  starved  19  days  in  diffuse  daylight,  in  filtered  sea-water 

Table  19. 


Obwrved 

Wdglitof  re- 

Weiglitof 

Dayt 

weight  of  re- 

Weiglit 

Ofditk.1 

generating 

regenerating 

elapeed. 

eenerating 

meduaa  in 

normal 

disk  in  grams. 

grama. 

medi»a.> 

0 

as^ 

as^S 

41^7 

41.87 

a 

ao.15 
9^ 

ao^8 

33.9S 

36.a 

6 

I3.a4 

34.30 

a7.3 

9 

8 

9.5s 

18.97 

aa.oa 

la 

6.sa 

6.88 

14.33 

17.79 

IS 

19 

5^ 
4.ai 

4.97 
3.ai 

13.87 
10.81 

loJi 

according  to  formula  y  »  35.48(1  —  0.X034)*. 
according  to  formula  y  «■  41.87(1  —  0.0689)'. 
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Diagram  illustrating  Table  19. 
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at  27.5®  to  30**  C,  from  June  26  to  July  15, 1912,  at  Tortugas,  Florida.  One 
of  these  specimens  was  a  disk  from  which  the  stomach  and  mouth-arms 
had  been  cut  off,  and  the  other  was  a  medusa  with  stomach  and  mouth- 
arms  intact  but  with  its  bell-rim  cut  off.  The  two  were  maintained  in  one 
and  the  same  6-liter  glass  aquarium  jar  throughout  the  experiment,  and 
were  thus  subjected  to  identical  environmental  conditions.  The  water 
was  changed  once  in  each  24  hours. 

Table  20  shows  the 
decline  in  weight  of  two  re- 
generating species  of  Cas- 
siopea xamachana  starved 
19  days  in  diffuse  daylight ^ 
in  filtered  sea-water  at 
27.5®  to  30®  C,  from  June 
26  to  July  15,  1912,  at 
Tortugas,  Florida.  One 
of  these  specimens  was  a 
disk  from  which  the  stom- 
ach and  mouth-arms  had 
been  removed,  and  the 
other  specimen  was  a  me- 
dusa with  stomach  and 
mouth-arms  intact  but 
with  the  bell-rim  removed. 
The  two  were  maintained 
in  one  and  the  same  6-liter 
glass  aquarium  throughout 
the  experiment,  and  were 
thus  subjected  to  identical 
environmental  conditions. 
The  water  was  changed 
once  in  every  24  hours. 


I 
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Diagram  illustrating  Table  20. 


Table  20. 


Days 
elapsed. 

Observed 
weight  of  re- 

senerating 
disk  in  grams. 

Weight  of  disk.! 

Observed 

weight  of  re- 

generating 

medusa  hi 

grams. 

Weight   of   re. 
gen^Ung 
medusa.* 

0 
a 
6 
9 
xa 
IS 
19 

35.08 

14.86 

11.04 

8.98 

2' 

35.08 
29.IZ 
ao.06 
15.19 
11.51 

56.75 
49.11 
31.76 
23.63 
ao.43 

56.75 
49^ 
37.17 
30.07 

24^ 

19.69 

1  Calculated  according  to  formula  y  «  35.o8(i  -  0.0888)'. 
*  Calculated  acconUng  to  formula  y  >  56.75(1  -  0.0681)'. 
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Table  21  shows  the  decline  in  weight  of  the  two  halves  of  a  disk  of 
Cassiopea  ocamachana  starved  in  the  diffuse  daylight  of  the  laboratory  at 
Montego  Bay,  Jamaica,  ,25^ 
from  February  27  to  March 
18,  1912,  in  water  ranging 
from  24.5*^  to  28"*  C.  The 
stomach  and  mouth-arms 
of  the  medusa  were  re- 
moved and  the  disk  cut 
into  two  nearly  equal 
halves,  both  of  which  were 
maintained  in  one  and  the 
same  glass  aquarium  hold- 
ing about  6  liters.  The 
water  was  changed  once  in 
every  24  hours. 


9   10  U  12  18  14  16  16  17  18  If 
Diagram  illustratiiig  Table  21. 


Table  21. 


iS5. 

MeduMii. 

MeduaaB. 

WeUiht. 

Wdgllt.^ 

Wdgfat. 

Wdgllt.* 

0 

I 
a 
3 

4 

1 

10 

xa 

» 

x8 
ao 

xxi.a5 

6a.39 
55.39 

His 

19.76 
17.1a 

ixx.a5 
IOX.35 
93.34 

fdl 

57.96 
5a.73 

30.15 
a5.03 
ao.8 
X7.a4 

xa|.93 
106.X3 
95.6X 
85^ 
73.96 
67.51 
59.8X 

42,72 

B 

ax.6x 
i8.a6 

xa5.93 
114^ 
103.70 

77.69 
70.5a 
64.09 
58.18 
47.97 
39.53 
3a^i 
i6.8i 
aa.i6 
i8.a7 

>  Accordins  to  the  formula  y  ■ 
*  According  to  the  formula  y  ■ 


iii.a5(X' 
135.93(1- 


8    9    10  11  12  18  14  16  16  17  18  19 
Diya  X 
Diagram  illustrating  Table  22. 


-  0.089)'. 

-  0.09a)*. 

Table  22  shows  decline 
in  weight  of  two  r^enerat- 
ing  specimens  of  Cassiopea 
ocamachana  starved  19  days 
in  the  dark,  in  filtered  sea- 
water,  at  temperatures 
ranging  from  27.5®  to  30®C., 
from  June  26  to  July  15, 
1912,  at  Tortugas,  Florida. 
One  was  a  disk  deprived  of 
its  stomach  and  mouth, 
arms,  and  the  other  was  a 
medusa  regenerating  its 
bell-rim,  but  with  stomach 
and     mouth-arms    intact* 
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TABLB  22. 


Dftys 
dapeed. 

Obterved 
wdghtofre- 

dkk  In  grama. 

Wd^ofdiak.! 

Obaeivad 

wdghtoffe- 

generating 

meduaa  in 

grama. 

Weight  of  re- 
generating 
medusa.* 

IS 

19 

19.76 
n\ 
Z0.8 
8.54 
5.94 
4.79 
3.05 

19.76 
z6.aa 
10.95 
8.14 
6.07 
4.6a 
3.0s 

30.11 

as.89 

90.ai 

Z9.aa 

14.76 

11.7 

10.53 

30.1  X 

a6.95 

ai.59 

18.31 

15.5 

13.13 

10.53 

*Calnilated  according  to  formula  y  >■  19.76(1  —  0.0937)*. 
*  Calculated  according  to  formula  y  >  30.11(1  -  0.0538)*. 

The  two  specimens  were  maintained  in  one  and  the  same  6-liter  aquarium 
jar  throughout  the  experiment,  and  were  thus  subjected  to  identical  en- 
vironmental conditions.    The  water  was  changed  once  in  every  24  hours. 

Table  23  shows  the  decline 
in  weight  of  two  r^;enerating 
specimens  of  Cassiopea  xamor^ 
chana,  one  being  a  disk  with- 
out stomach  or  mouth-arms, 
and  the  other  a  medusa  with 
stomach  and  mouth-arms  in- 
tact but  with  the  rim  of  the 
bell  cut  off.  Thus  each  me- 
dusa was  r^;enerating,  the  disk 
being  without  and  the  medusa 
with  its  stomach.  These  two 
specimens  were  kept  side  by 
side  in  one  and  the  same  6- 
liter  glass  aquarium,  in  con- 
stant darkness^  in  filtered  sea- 
water  at  27.5®  to  30®  C.  for  19 
days  from  June  26  to  July  15, 
1912.  The  water  was  changed 
once  in  every  24  hours. 


2   8    4    5   6    7 
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Diagram  illustrating  Table  23. 


Table  23. 


D«yt 
elapaed. 

Obaerv«d 
wdglitofre- 

diak  in  grama. 

Weight  of  re- 
generating 

Obaerved 
weight  of  re- 

grama. 

Weight  of  re- 
generating 
meduaa.* 

0 

2 

6 

9 

la 

IS 

19 

ai.53 
19.59 
ii.ia 
8.56 
7.07 
5.76 
4«04 

ai.53 

18.02 

la.83 

5.74 
4.04 

3S3 

a7.i3 

at. 96 
19.48 
15.OS 

40.7 

36.65 

39.72 

as.4 

ai.71 

18.55 

I5X)5 

aooofdhig  to  formula  y  >■  ai.53(i  —  0^)843)'. 
aooofding  to  formula  y  >■  40.7(1  —  0.0511)*. 
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Table  24  shows  the  decline  in  weight  of  two  regenerating  specimens 
of  Cassiopea  xamachana 
starved  19  days  in  the 
dark,  in  filtered  sea-water, 
at  temperatures  ranging 
from  27.5**  to  30**  C,  from 
June  26  to  July  15,  1912, 
at  Tortugas,  Florida.  One 
of  the  specimens  was  a 
disk  deprived  of  both 
stomach  and  mouth-arms, 
and  the  other  was  a  me- 
dusa with  the  rim  of  its 
bell  cut  off  but  with  stom- 
ach and  mouth-arms  intact; 
thus  both  were  regenerat- 
ing new  tissue.  They  were 
kept  side  by  side  in  one  and 
the  same  6-liter  aquarium 
jar,  and  were  thus  sub- 
jected to  similar  condi- 
tions. The  water  was  0  1  234  56  78  9  10  11 12  is  m  is  le  n  w  w 
changed  once  in  every  24  Dnysx 
hours.                                                                  Diagram  illustrating  Table  24. 


Table 

24. 

Observed 

Observed 

Days 

weight  of  re- 

Weiglitof 

weight  of  re- 

Weight of  le- 

elapsed. 

generating 
disk  in  grams. 

disk.i 

generating 
medusa  in 

generating 
medusa.* 

grams. 

0 

a8.3X 

a8.3Z 

49.64 

49.64 

a 

a6.9i 

24.35 

44.61 

44.65 
36.19 

6 

17.23 

17.83 

31.97 

9 

13.57 

14.Z6 

as.71 

30.88 

12 

IX.64 

11.24 

a3.6z 

26.36 

15 

8.8 

8.91 

ao.62 

32.51 

19 

6.58 

6.S8 

18.24 

18.24 

1  Calculated  according  to  formula  y  ■■  28.31  (i  —  0.074)'. 
*  Calculated  according  to  formula  y  *  49.64(1  —  0.0512)*. 

Table  25  shows  the  decline  in  weight  of  the  two  halves  of  a  disk  of 
Cassiopea  xamachana  without  stomach  or  mouth-arms.  One  of  these  halves, 
A,  was  starved  in  the  diffuse  daylight  of  the  laboratory  and  the  other,  B, 
in  constant  darkness,  for  18  days,  from  February  28  to  March  18, 1912,  at 
Montego  Bay,  Jamaica,  at  temperatures  ranging  from  24.5®  to  28°  C.  The 
two  halves  were  maintained  side  by  side  in  one  and  the  same  6-liter  glass 
aquarium  and  the  water  was  changed  once  in  each  24  hours. 
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£>iagram  illustrating  Table  25. 
Table  2$. 


Dasrt 
elapted. 

Medusa  A. 

MedunB. 

M^dgfat. 
•iBnredin 
dttfuae  day- 
light. 

Weliht.> 

itaived  in 
darknen. 

Wdglit.* 

0 

I 
3 

i 

1 

7 
9 
II 

IS 

17 
18 

64.11 
53.18 
44.a8 
37ij 
31.91 
39.9 

10.40 

64.11 

38.7a 

31^1 
aS.83 
ai.09 
17.24 
14.1i 
11.54 
I0.4S 

63.46 
52.53 
45.91 
40.93 
37X>6 

33.27 

25.69 

lit 

16.73 
15^6 
12J3 

Uf6 

Si; 

44.48 
37.2*5 

23.35 

20. 
16.75 
14.02 
12.83 

1  Aaoordinf  to  fonnula  y  >■  64.11(1  —  0.096)'. 
*  Abcordii^  to  fonnula  y  -  63.46(1  -  0.085)'. 

Table  26. 


dapeed. 

Half-didc 
Marred  In 
dayligl^. 

Dfdinein 
weight.* 

Half-diak 

•tarred  in 

dark. 

DecUnehi 
weight.* 

1 
5 

9 
Id 

u 

u 

i 

73X)l 
63.13 
53.06 
41.49 
33.91 
31.01 

65.12 
58.11 
51.83 
46.21 
41.25 

66.11 
58.28 
51.33 
43.09 
37." 

30* 
25.66 

66.11 
58.83 

32.85 
99.22 

96.51 

32.78 

22.44 

96.06 

19.12 

23.14 

18.56 

20.8 

16.87 

18.31 

16.22 

16.50 

14^ 

14.54 

1347 

13.14 

12.06 

11.5 

11.17 
940 

10.44 
9.34 

iu 

9.12 
8.06 

>  Calculated  fai  accordance  with  fonnula  y  >  73(z  —  0.108)'. 
*  Calculated  aooofding  to  fonnula  y  >■  6oJi(i  —  0.11)'. 
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Table  26  shows  the  decline  in  weight  of  two  halves  of  a  disk  of  Cassiopea 

frondosa  deprived  of  its  stomach.    One  of  these  halves  was  starved  in  diffuse 

daylight  and  the  other  in  the  dark  from  February  28  to  March  18,  1912, 

at  Montego  Bay,  Jamaica. 

Table  27. 


MeduaaA. 

Medusa  B. 

Days 

elapMd. 

Observed 
weights. 

60.96 

WeighU.i 

Observed 
weighu. 

WeighU.t 

0 

61 

57.54 

S7.S 

a 

51.17 

50.0S 

49.3 

49.45 

1 

43.26 

42.27 

45.36 

42.26 

34.01 

35.19 

39.06 

36.51 

8 

29.33 

29.33 

l\f 

31.41 

10 

23.59 

24.77 

27.2s 

13 

21.2 

20.37 

24.72 

23.23 

>  Calculated  from  the  formula  y  -  6i(i  —0.1673)*. 
*  Calculated  from  the  formula  y  ■■  57.5(1  -0.14)*. 

Table  27  shows  the  decline  in  weight  of  two  normal  medusae  of  Cassiopea 
xamachana  starved  each  in  one  liter  of  sea-water,  changed  once  in  each  24 
hours,  and  kept  in  the  diffuse  daylight  of  the  laboratory  at  Tortugas, 
Florida,  from  June  8  to  20,  1913.  One  medusa.  A,  was  starved  in  sea- 
water  which  had  been  passed  through  two  glass  funnels  each  holding  two 
sheets  of  Chardin  filter  paper.  The  other  medusa,  B,  was  starved  in  sea- 
water,  which,  in  addition  to  having  been  filtered  through  the  aforesaid 
Chardin  filters,  was  also  filtered  through  a  bacteria-proof  porcelain  filter. 
It  appears  that  all  food  had  been  removed  from  the  water  by  the  Chardin 
filters  and  the  medusa  in  the  bacteria-free  sea-water  starved  somewhat  more 
slowly  than  the  one  in  the  sea-water  which  had  not  been  passed  through  the 
porcelain  filter. 


DESCRIPTION  OF  PLATE. 

Fig.  a.  Cassiopea  xamachana.  The  6  medusae  have  been  starved  for  41  days  in  diffuse 
daylight  (see  table  4).  The  recently  caught,  unstarved  medusa  in  the 
center  of  the  aquarium  is  of  nearly  the  same  size  that  the  smallest  (shown 
by  the  arrow)  was  when  starving  began.  The  dark-brown  color  of  the 
starving  medusae  is  due  to  their  densely  crowded  commensal  plant-cells. 

Fig.  B.  Cassiopea  xamachana  which  has  been  starved  for  41  days  in  darkness.  Origin- 
ally its  bell  was  25  mm.  wide;  now  it  is  only  4.5  mm.  in  diameter,  and  the 
rim  is  turned  upward  and  inward.  The  mouth-arms  are  each  3  mm. 
long,  and  the  mouths  have  disappeared  by  coalescence  of  the  lips.  The 
medusa  is  still  pulsating,  a  single  rhopalium  functioning. 

Fig.  Ci.  Normal  medusa  of  Cassiopea  xamachana. 

Fig.  Cf.  Disk  without  stomach  or  mouth-arms. 

Fig.  Cs.  The  stomach  and  mouth-arms  of  the  medusa,  the  disk  having  been  cut  away. 
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CHANGES  IN  SALINITY  AND  THEIR  EFFECTS  UPON 
THE  REGENERATION  OF  CASSIOPEA  XAMACHANA. 


By  a.  J.  GOLDFARB, 
Of  the  College  of  the  City  of  New  York. 


Four  figures. 
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CHANGES  IN  SALINIH  AND  THEIR  EFFECTS  UPON  THE  REGENERA- 
TION OF  CASSIOPEA  XAMACHANA. 


By  a.  J.  GOLDFAKB. 


Cassiopea  ocamachana,  a  large  scyphomedusa,  is  very  abundant  in  the 
very  shallow  waters  of  the  moat  at  Fort  Jeflferson,  Dry  Tortugas,  Florida. 
The  conditions  in  this  moat  are  such  that  the  medusae  are  in  all  probability 
subjected  to  extreme  changes  in  salinity,  due  on  the  one  hand  to  evaporation 
in  the  subtropical  sun,  to  the  shallow  water  and  inclosed  nature  of  the  moat, 
to  the  single  tide,  etc.,  and  on  the  other  hand  to  extreme  dilution  due  to  the 
subtropical  rains.  Doctors  A.  G.  Mayer  and  T.  W.  Vaughan  have  under- 
taken a  study  of  these  changes  in  salinity  in  and  outside  of  the  moat,  under 
various  conditions  of  tide  and  season.  Until  their  report  is  forthcoming, 
this  phase  of  the  problem  must  be  left  in  abeyance. 

The  present  report  considers  to  what  extent  changes  in  salinity  influence 
regeneration  in  Cassiopea^  and  the  results  of  the  investigation  are  compared 
with  those  previously  obtained  with  the  hydroid  Eudendriutn  ramosum  of 
Woods  Hole,  Massachusetts,  and  with  the  observations  of  Loeb  with  the 
hydroid  Tubularia  of  Serino  Bay,  Italy. 

Though  certain  variable  factors  are  known  to  accelerate,  retard,  or 
modify  the  regeneration  of  an  organism,  these  factors  have  not  heretofore 
been  sufficiently  taken  into  account.  In  the  present  investigation  much 
care  was  taken  to  exclude  or  make  the  following  factors  uniform: 

1.  Size  of  medusa.  Size  roughly  indicates  age,  and  as  the  rate  of  growth 
varies  with  age  the  medusae  finally  chosen  were  approximately  of  the  same 
size.  Each  solution  contained  one  of  medium  size,  lOO  to  105  mm.  in 
diameter,  and  one  smaller  medusa,  85  to  90  mm.  in  diameter. 

2.  Volume,  surface,  and  depth  of  solution.  To  insure  uniformity  of  respira- 
tion and  evaporation,  and  to  prevent  excessive  concentration,  the  medusae 
were  kept  in  jars  of  equal  size  and  shape,  each  jar  containing  2,000  c.c.  of  the 
solution. 

3.  Aeration  and  change  of  solution.  All  solutions  were  shaken  thoroughly 
to  aerate  them,  and  were  changed  daily  to  avoid  excess  CO2,  excess  evapora- 
tion, and  bacteria. 

4.  Degree  of  injury.  It  has  been  repeatedly  urged  that  the  rate  of  regen- 
eration is  influenced  by  the  extent  of  injury.  Though  recent  evidence  is 
opposed  to  this  view,  its  possibility  was  taken  into  account  by  removing  the 
same  number  of  arms  from  each  pair  of  medusae. 
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5.  Level  of  amputation  has  repeatedly  been  shown  to  affect  considerably 
the  rate  and  nature  of  the  regenerated  organ.  In  these  experiments  all 
arms  were  amputated  at  the  same  level,  namely,  at  their  respective  bases. 

6.  Temperature.  By  avoiding  local  heat  and  local  drafts  the  temperature 
was  made  uniform  for  the  series. 

7.  Preparation  of  the  solutions.  To  avoid  disturbing  the  "  protective  rela- 
tion" of  the  salts  and  to  avoid  introducing  any  salt  not  normally  present  in 
sea-water,  the  solutions  were  made  as  follows:  The  dilute  solutions  were 
made  by  adding  enough  (rain)  water  to  make  solutions  containing  95,  90, 
85,  80,  75,  70,  65,  60,  55,  50,  45,  and  40  per  cent  of  sea-water.  The  rain- 
water used  in  this  series  was  tested  by  Dr.  A.  G.  Mayer,  who,  upon  the 
basis  of  the  chlorine  content,  calculated  that  it  contained  o.ooi  part  of  sea- 
water,  an  amount  entirely  negligible,  as  shown  by  these  and  other  experi- 
ments. The  concentrated  series  was  made  by  slow  evaporation  in  the  sun's 
heat.  In  this  manner,  solutions  containing  5,  11,  17,  25,  33,  42,  and  53  per 
cent  more  than  the  normal  salts  in  sea-water  were  obtained. 

8.  The  number  of  arms  amputated  totaled  323. 

9.  Three  sets  of  measurements  were  recorded,  14,  24,  and  30  days  after 
amputation.    These  measurements  are  given  in  table  i. 


Table  i.—The 

influence  of  changes 

in  salinity  on  regeneration. 

Per  cent  of 
•ea-water 

No.  of  am- 
putated 

Avtmgt  regeneiatkm  in  mm. 

Remarkt. 

intolutkm. 

arm*. 

14  dayt. 

24  days. 

30  days. 

153 

IS 

0 

0 

0 

14a 

IS 

0 

0 

0.12  ' 

133 

135 

IS 

14 

0 
0.16 

0 
0 

0 
0.66     ' 

117 

IS 

o.ai 

0.62 

0.43 

III 

IS 

4.3a 

4.23 

1.92  . 

lOS 

14 

3.72 

3.00 

2.19 

100 

43 

3-41 

6.44 

4.82 

95 
90 

IS 
IS 

It 

8.41 
7.22 

5^9 
S.00 

Regeneration  normal. 

85 

IS 

4.60 

7.17 

S-OS 

80 

13 

3.0a 

5-33 

3^5 

75 

IS 

1.87 

6j09 

3.74 

70 

IS 

2.23 

IS 

3^3 

60 

IS 

14 

1.26 
0.87 

3.33      . 
2.20 

Regeneration  abnormaL 

55 

IS 

0-44 

1.57 

2.87 

SO 

IS 

o.so 

0 

0 

45 

IS 

0 

0 

0 

40 

15 

0 

0 

0 

The  data  are  plotted  in  figure  i,  in  which  the  abscissas  represent  the 
gradient  solutions  and  the  ordinates  represent  the  average  regeneration  for 
each  solution. 

From  table  i  and  figure  i,  it  will  be  observed  that  Cassiopea  lived  in 
solutions  in  which  the  salt  content  varied  from  a  lower  limit  of  40  to  an  upper 
limit  of  153  per  cent.  In  the  extreme  solutions  the  medusae  decreased  in 
size,  ceased  to  pulsate,  and  the  organs  degenerated.  This  occurred  in  the 
40  and  later  in  the  45  per  cent  as  well  as  the  153  per  cent  solutions. 

Within  these  limits  the  medusae  lived  and  pulsated,  but  not  all  regener- 
ated.    No  regeneration  occurred  in  solutions  containing  50  per  cent  or  less 
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sea-water,  nor  on  the  other  hand  was  there  any  regeneration  in  solutions  133 
or  more  per  cent,  with  one  exception  to  be  noted  later.  Though  regener- 
ation occurred  within  these  limitations,  the  character  of  the  resulting 
regenerated  arms  was  not  the  same.  Normal  pyramid-shaped  arms  with 
characteristic  mouths  and  oral  filaments  were  developed  in  the  median 
solutions  only,  i.  e.,  75  to  105  per  cent  inclusive.     In  the  70  per  cent  solution 


Fig.    x.^Thin  line 
represents  resen-  < 
eration  after    14 
days:   thick  line  ^ 
24  dasrs:  biolcen 
line  30  days. 


1st        142       133     1SinUlUil0O«9OK807S7O«l0»fiO46« 


the  mouths  were  considerably  reduced  in  number,  while  the  number  of  oral 
filaments  was  scarcely  affected.  In  the  65  per  cent  solution  there  were 
very  few  mouths  differentiated.  In  the  60  and  55  per  cent  solutions 
practically  no  mouths  were  formed  and  the  oral  filaments  tended  to  clump 
together.  Similarly,  beginning  with  the  iii  per  cent  solution,  of  the 
concentrated  series,  the  arms  were  increasingly  atypic.  In  this  solution 
some  arms  were  normal,  others  clumped  as  in  the  diluted  solutions.  In 
the  117  per  cent  solution,  fewer  mouths  were  differentiated  and  greater 
crowding  of  the  oral  filaments  occurred.  In  the  125  per  cent  solution  no 
mouths  and  only  very  few  filaments  were  differentiated.  It  is  then  clear 
that  while  regeneration  took  place  in  a  wide  range  of  solutions,  normal 
regeneration  occurred  within  much  narrower  limits,  namely,  75  to  105  per 
cent  solutions. 

Corroborative  results  were  obtained  from  measurement  of  regenerated 
arms.  Figure  i  and  table  i  clearly  show  that  when  the  average  regeneration 
in  sea-water  is  taken  as  the  norm,  then  the  average  regeneration  in  iii 
to  80  per  cent  solutions  is  norm  or  supernorm,  varying  from  3.4  to  5.4  mm. 
On  either  side  of  these  limits  there  is  a  rapid  decline,  sharper  in  the  more 
concentrated  solutions,  far  less  rapid  in  the  more  dilute  series.  For  ex- 
ample, the  average  regeneration  in  the  117  per  cent  solution  is  less  than  in 
the  50  per  cent  solution. 

The  second  series  of  measurements  was  taken  10  days  after  the  first, 
i,  e.t  24  days  after  removal  of  the  arms.  During  these  10  days  practically 
no  regeneration  occurred  in  the  concentrated  solutions,  while  retrogression 
set  in.  In  all  the  dilute  series,  however,  considerable  regeneration  occurred. 
This  is  seen  in  figure  i .     Perhaps  the  facts  are  made  clearer  by  table  2,  which 
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gives  the  diflFerence  in  the  average  regeneration  between  the  fourteenth  and 
twenty-fourth  days.  Table  2  shows  that  in  the  concentrated  solutions, 
105  to  125  per  cent,  there  was  no  additional  regeneration;  in  fact,  three  out 
of  four  solutions  showed  a  decrease  and  in  one  solution  the  increase  was 
only  0.63  mm.  In  all  the  dilute  solutions,  however,  there  was  an  increase, 
in  sea-water  3.03  mm.,  in  95  per  cent  solution  2.96  mm.,  90  per  cent  solution 
2.63  mm.,  etc.  It  should  be  noted  that  the  increment  was  unequal,  a  greater 
relative  and  absolute  increase  occurring  not  in  the  optimum  solutions,  but 
in  75,  70,  and  65  per  cent  solutions. 

Table  2. — Extent  of  regeneration  during  ike  second  period,  i.  e.,  between  the 
fourteenth  and  twenty-fourth  days  after  amputation. 


Aveme  gain  or  Ion  be- 

Solatioiii. 

tween  14th  and 

24th  day. 

mm* 

1^3 

0 

1^5 

-0^ 

1.17 

+0^3 

I.IX 

-0.09 

1.0S 

-0.7a 

1.00  norm 

+3.03 

0.9s 

+2.96 

0.90 

+2^3 

0.85 

+2.S9 
+2.31 

0.80 

0.7S 

+4.aa 

0.70 

+3.ao 

0^5 

+2^9 

0^ 

+1.19 

O.SS 

+1.14 

0^0 

0 

In  the  third  set  of  observations,  made  on  the  thirtieth  day,  the  measure- 
ments were  not  taken  from  the  amputated  level,  for  at  this  stage  of  develop- 
ment it  was  difficult  to  tell  with  exactness  where  that  level  was.  The  last 
measurements  were  made  from  the  end  of  the  knob-like  mass  at  the  distal 


Fig.  2. — Thin  line 
represents  regen-  ^ 
erating  after  14 
days;  thiclc  line 
after  24  days;  ' 
broken  line  after 
30  days .  > 


end  of  the  amputated  arms,  and  the  measurements  in  table  i,  therefore, 
appear  smaller  than  the  corresponding  measurements  for  the  preceding 
periods. 

The  character  of  the  curve  is  essentially  the  same  as  the  24-day  curve, 
differing  from  it  in  the  same  way  that  it  differs  from  the  14-day  curve.     It 
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is  seen  that  the  curves  for  105  to  75  per  cent  solutions  are  almost  parallel. 

Beyond  these  limits  the  curves  diverge.    In  the  75  to  55  per  cent  solutions 

there  has  been  either  an  absolute  or  relatively  greater  increment  than  in 

the  solutions  approaching  the  norm.     In  the  hypertonic  solution  there  is 

no  increase,  the  curves  for  the  three  periods  are  essentially  parallel  and 

overlap. 

Table  3. 


Per  cent  of  lea-water 

Average  regeneration 

Iniolation. 

for  30  days. 

mm. 

X.50 

0 

MO 

0.13 

X.30 

0 

1.30 

0.S0 

I.IO 

1.91 

IMO 

4.8X 

0.90 

5.34 

0.80 

4-35 

0.70 

3^ 

0^ 

a.77 

0.50 

143 

040 

0 

All  these  facts  are  made  extremely  clear  after  reducing  some  of  the 
irregularities  of  the  curves,  by  grouping  the  results  on  a  basis  of  10  per  cent 
changes  in  salinity  instead  of  5  per  cent,  as  shown  in  figure  2. 

Table  3  shows  the  results  of  table  i  grouped  on  a  basis  of  10  per  cent 
changes  in  salinity,  instead  of  5  per  cent  diflferences. 

In  the  preceding  tables  and  curves  the  fact  was  ignored  that  in  certain 
solutions  an  arm  was  replaced  by  two  arms.  The  supernumerary  arms 
appeared  in  the  median  solutions,  viz,  iii  to  85  per  cent,  with  a  few  desul- 
tory ones  in  more  dilute  solutions.  The  greatest  number  occurred  in  the  95 
per  cent  solution,  fewer  in  the  90  and  85  per  cent,  a  sharp  drop  in  105  per 
cent  and  ill  per  cent  solutions,  as  shown  in  table  4. 

Table  4  gives  the  number  of  supernumerary  arm^  in  each  solution  and 
shows  that  they  tend  to  appear  in  optimum  dilute  solutions. 


Table  4. 


Percent^ 

■ea-waterln 

solution. 

No.  of  arms 
remoTed. 

No.  of 

doable  arms 

regener^ 

ated. 

Percent 

of  doable 

arms. 

Per  cent  of 

sea-water  in 

solaUon. 

No.  of  arms 
removed. 

No.  of 

doable  arms 

legener* 

ated. 

Per  cent 

of  doable 

arms. 

1.53 
1.4a 
1.33 

1.85 

1.17 
zzx 
105 
zoo 
95 

90 

Z5 
Z5 

Z5 
14 
Z5 
Z5 

14 
43 
Z5 

IS 

I 

0 
0 
0 
7 
7 
IZ 

to' 

75 
70 

S5 
60 

55 

50 
45 
40 

15 
13 
IS 
15 
IS 
14 
IS 
IS 
IS 
IS 

4 
0 
0 
0 
a 
0 
z 
0 
0 
0 

36 
0 
0 
0 

13 
0 
7 
0 
0 
0 

When  the  supernumerary  arms  are  included  in  table  i,  it  is  found  that 
the  highest  part  of  the  curve,  85  to  11 1  per  cent,  is  augmented  still  further. 
The  maximum  augmentation  occurs  in  85  to  95  per  cent  solutions,  and  only 
a  moderate  increment  occurs  in  sea-water. 
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Whether  we  consider  only  the  regeneration  of  the  supernumerary  arms 
or  of  single  arms,  or  normal  as  opposed  to  abnormal  regeneration,  or  the 
variation  in  growth  at  different  intervals,  or  all  of  these  combined,  it  is 
clear  that  the  maximum  regeneration  in  Cassiopea  occurs  in  sea-water  di- 
luted to  95,  90,  and  85  per  cent. 

There  are  three  sets  of  records  complete  enough  to  permit  comparison, 
namely,  Loeb's  work  on  Tubularia,^  Goldfarb  on  Eudendrium,^  and  the 
present  contribution  on  Cassiopea. 

Loeb's  data  arc  based  upon  the  regeneration  of  65  pieces  of  Tubularia 
stems  over  a  period  of  8  days.  The  work  was  done  at  Serino  where  the  sea- 
water  is  estimated  on  the  basis  of  Forchhammer's  calculation  to  contain 
3.8  per  cent  salts  or  more  correctly  38.364  per  kilogram.  Loeb  used  10 
grades  of  solutions  and  plotted  his  results  as  shown  in  figure  3. 


s 

Fig.  3— Thick  line  4 
is  Loeb's  curve 
for  Tubularia; 
broken  line  is  * 
curve  for  Cassia-  . 
P€a  after  30  day  t 
interval. 


The  323  Cassiopea  arms  observed  at  14,  24,  and  30  day  intervals  in  sea- 
water  whose  salinity,  though  not  definitely  known,  is  calculated'  to  be  3.549 
per  cent.  The  medusae  were  placed  in  20  graded  solutions.  The  results 
differ  from  Loeb's  in  at  least  four  respects: 

1.  The  salinity  limits  are  diflferent,  i,  «.,  Tubularia  regenerated  in  more 
dilute  solutions  than  Cassiopea,  though  the  extreme  concentration  is  prob- 
ably the  same  for  both. 

2.  Maximum  regeneration  occurs  at  different  salinities,  65  per  cent  sea- 
water  for  Tubularia,  95  per  cent  for  Cassiopea. 

3.  There  is  a  greater  range  of  supernormal  regeneration  in  Tubularia 
i.  e.,  100  to  50  per  cent  salinity,  while  the  range  for  Cassiopea  is  limited  to 
15  per  cent,  i.  e.,  from  norm  to  85. 

4.  The  character  of  the  curves  is  reversed.  For  Tubularia  there  b  a 
graded  increased  regeneration  with  increasing  dilution  from  133  to  65  per 
cent;  beyond  this  limit  there  is  a  sudden  drop  to  complete  inhibition  in  40 
per  cent.  The  Cassiopea  curve  on  the  other  hand  rises  rapidly  to  95  per 
cent,  beyond  which  there  is  a  very  gradual  decrease  (fig.  3). 

The  third  set  of  observations  were  those  on  the  compound  hydroid 
Eudendrium  ramosum.  The  results  of  one  series,  based  on  953  stems,  are 
plotted  in  figure  4,  and  when  compared  with  Tubularia  and  Cassiopea  show 
the  following: 

>  Loeb.  J.    Orcanization  and  growth.    WurUburg.    1891. 

*  Goldfarb.  A.  J.  Factors  in  the  regeneration  of  a  compound  hydroid,  fiMi<Nir»«M  rainonMii.  Joor.Exper. 
Zool..  vol.  4,  p.  43.    1007. 

•Clarke,  F.W.    llie  data  of  geochemistry.    Bull.  491.  U.  S.  Geol.  Survey.    1911. 
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Fig.  4. 

Eudtndrium^  6  dajra. 
EudendriuMt  3  dasrs. 
Cassiopta. 
. .  Tubttlaria. 


1.  Regeneration  takes  place  in  a  more  limited  variation  from  the  norm 
than  either  Tubularia  or  Cassiopea,  i.  e,,  the  maximum  salinity  in  which 
regeneration  takes  place  is  120,  the  minimum  is  60. 

2.  Maximum  regeneration  is  intermediate,  65  per  cent  solution  for 
Tubularia,  85  for  Eudendrium,  and  95  for  Cassiopea. 

3.  Normal  or  supernormal  regeneration  in  Tubularia  occurs  over  a  wide 
range  of  solutions,  from  norm  to  50  per  cent;  in  Eudendrium  it  is  inter- 
mediate, 100  to  80  per  cent;  in  Cassiopea  most  limited,  100  to  85  per  cent, 

4.  The  nature  of  the  curves  varies.  Tubularia  and  Cassiopea  \i^,ve 
asymmetrical  curves,  Eudendrium  almost  symmetrical,  i.  e.,  beyond  the 
optimum  solution,  increased  dilution  or  concentration  is  equally  injurious. 

Two  sets  of  observations  after  3  and  6  day  intervals  afforded  the  oppor- 
tunity of  comparing  these  with  corresponding  sets  of  observations  on 
CcLssiopea.    The  regeneration  in  Eudendrium  is  given  in  table  5. 

Table  5. 


Per  cent  of  lea-water  in 
aolutkm. 

Number  of  polyps  regenerated  in- 

First  3  days. 

Second  3  days. 

Total*  6  days. 

130 

0 

0 

0 

117 

s 

37 

33 

ZZI 

J2 

37 

5Z 

36 

8a 

95 

S6 

2Z 

79 

8s 

62 

32 

84 

7S 

a8 

4S 

73 

65 

0 

34 

34 

It  is  apparent  that  the  same  phenomenon  observed  in  Cassiopea  occurred 
in  Eudendrium,  namely,  that  with  increased  intervals  there  is  a  greater 
relative  regeneration,  not  in  the  optimum  nor  hypertonic  solutions,  but  in 
the  more  dilute  solutions,  such  as  75  and  65  solutions.  It  is  very  clear,  both 
from  Cassiopea  and  Eudendrium,  that  such  changes  in  the  sub-optimum 
solutions  do  not  and  can  not  alter  the  essential  character  of  the  curves 
sufficiently  to  make  it  analogous  with  Loeb's.  The  differences  in  the 
behavior  of  the  three  organisms  is  made  easier  for  comparison  by  table  6, 
which  gives  the  results  of  changes  in  salinity  upon  the  three  organisms 
studied  by  Loeb  and  Goldfarb. 
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Table  6. 


Maxi- 
mum 
dUu- 
tkm. 

Maxi. 

Goncen- 
tration. 

Optl- 
tion. 

Regenera- 

tkmoccun 

In— 

Besrond  opti- 

OSUID  OQ  OOQ* 

centiated 
dde  of  curve. 

Beyond  opti- 
mum on  di- 
luted  aide  of 
curve. 

Salinity. 

Curve. 

Tubularia... 
CMslopeflp. .. 
Budendrium. 

p.  ct. 
40 

SO 

60 

p.  ct. 
133 

133 

zas 

p.ct. 
6S 

95 

85 

p.  ct. 
100  to  50 

100      85 

zoo      8o 

LeM  injuri. 

Moat'injuri- 

ous. 
Equally  In- 
jurioua. 

Moatinjuri- 

oua. 
Leaatinjuri- 

oua. 
Equally  In- 

jurioua. 

3.83 
3.54 
3.39 

Aaymmetrical. 

Leai  aaymmetri- 

cal. 
Symmetrical. 

In  these  three  organisms  the  increasing  dilution  of  sea-water,  with  the 
consequent  intake  of  water  into  the  organism,  makes  for  a  more  rapid  and 
greater  growth.  Beyond  an  optimum  dilution,  any  further  dilution  retards 
and  ultimately  inhibits  regeneration.  Concentration  of  sea-water,  in  all 
cases,  makes  for  an  expulsion  of  water  from  the  organism,  with  a  concomitant 
retardation,  decreased  regeneration,  and  finally  no  regeneration  whatsoev^-. 
Beyond  these  fundamental  similarities,  there  is  little  or  no  agreement. 

Though  there  appears  to  be  little  or  no  similarity  in  the  behavior  of 
these  three  organisms,  on  further  examination  it  becomes  quite  clear  that 
Eudendrium  and  Cassiopea  are  in  essential  agreement,  both  differing  in  a 
striking  manner  from  Loeb's  results  on  Tubularia. 

Eudendrium  and  Cassiopea  agree  in  the  following  respects:  (i)  maximum 
regeneration  occurs  in  solutions  that  are  hypotonic  in  a  relatively  small 
degree,  i.  e.,  95  and  85  per  cent  respectively;  (2)  regeneration  in  sea-water 
is  equaled  or  exceeded  in  a  narrow  range  of  hypotonic  solutions,  t.  e.,  100 
to  85  and  80  per  cent,  respectively;  (3)  at  any  interval  after  amputation,  the 
graphs  show  a  sharp  decline  in  the  amount  regenerated  in  increasingly 
hypertonic  solutions;  a  maximum  regeneration  of  not  more  than  60  per  cent 
beyond  the  norm,  t.  «.,  60  per  cent  in  Cassiopea,  35  per  cent  in  Eudendrium; 
a  gradual  followed  by  a  more  rapid  drop  in  the  curve,  in  solutions  more 
hypotonic  than  these  optimum  solutions. 

It  is  in  these  very  points  that  both  these  curves  differ  from  Loeb's 
work  on  Tubularia,  as  follows:  The  maximum  regeneration  occurred  in  a 
markedly  greater  hypotonic  solution,  t.  e.,  65  per  cent;  regeneration  in  sea- 
water  is  equaled  or  exceeded  in  a  considerably  wider  range  of  diluted  so- 
lutions, t.  e.,  100  to  50  per  cent  solutions  inclusive ;  the  curve  is  completely 
reversed,  the  gradual  increment  and  the  sharp  decline  appearing  on  sides 
opposite  to  that  in  either  Eudendrium  or  Cassiopea;  the  mode  is  nearer  the 
extreme  dilution;  and  the  maximum  regeneration  is  far  greater  (120  per 
cent)  than  in  either  of  the  other  two  organisms. 

It  is  estimated  that  the  maximum  salinity  of  the  sea-water  at  Woods 
Hole,  Massachusetts,  is  3.29,^  for  the  Dry  Tortugas  3.54  per  cent.*  It 
might  be  urged  that  a  definite  relation  obtains  between  the  density  of  the 
sea  and  the  regeneration  of  the  contained  organism,  subjected  to  a  graded 


>  Bulletin  of  Bureau  of  Fisheries,  vol.  31.    X9xx. 

•  Clarke.  F.  W.    The  Data  of  Geochemistry.    Bull.  491*  U.  S.  Geol.  Survey. 
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series  of  densities,  for  the  increased  density  of  the  sea-water  at  the  Dry 
Tortugas  is  paralleled  by  each  of  the  changes  already  cited  in  table  6;  but 
when  Tubularia  of  Serino  Bay,  whose  density  is  3.83,  is  taken  into  consider- 
ation, no  correlation  between  density  and  the  character  of  the  curve  obtains, 
except  in  two  particulars:  (i)  the  greater  the  density  of  the  sea,  the  greater 
the  dilution  in  which  regeneration  will  take  place;  (2)  tjie  greater  the  density 
of  the  sea  the  greater  the  regeneration  in  the  hypotonic  solutions,  i.  «., 
Eudendrium  A  3.29,  maximum  regeneration  is  35  per  cent  above  norm 
Cassiopea,  A  3.54,  60  per  cent,  Tubularia,  A  3.83,  120  per  cent. 

Subject  to  a  more  accurate  analysis  of  the  density  of  the  water  in  the 
moat  at  Fort  Jefferson  and  at  Serino  Bay,  these  conclusions  must  be  con- 
sidered tentative  only.  The  fact  remains,  however,  that  Loeb's  limited 
data  are  not  in  accord  with  the  results  obtained  in  two  different  organisms 
from  two  different  localities  whose  sea-water  was  of  different  densities. 
It  is  also  clear  that  the  more  detailed  and  more  numerous  data  upon  Euden^ 
drium  and  Cassiopea  are  in  close  agreement.  And  we  are  driven  to  the 
conclusion  that  either  Tubularia,  for  some  inexplicable  reason,  differs  in 
its  behavior  from  the  other  two  ccelenterates,  a  view  which  is  very  im- 
probable, or  that  the  insufficient  data  upon  Tubularia  has  misled  the  author. 
The  close  similarity  of  Eudendrium  and  Cassiopea  and  the  corroborative 
results  of  A.  G.  Mayer  upon  the  effects  of  changes  in  density  upon  nerve- 
conduction  leads  me  to  believe  that  the  results  here  given  may  be  taken  as 
indicative  of  the  gross  effects,  without  any  effort  to  segregate  the  osmotic 
from  the  ionic  influences,  upon  the  regeneration  of  these  organisms. 

SUMMARY. 

The  object  of  this  investigation  was  to  ascertain  to  what  extent  changes 
in  salinity  affected  an  organism,  Cassiopea  xamachana,  normally  subject  to 
relatively  great  variation  in  the  concentration  of  the  sea-water,  and  to 
compare  the  results  with  those  of  the  hydroid  Eudendrium  and  the  hydroid 
Tubularia. 

Considerable  attention  was  paid  to  render  the  following  variable  factors 
uniform  for  the  series:  Size  of  medusae;  volume,  surface,  and  depth  of  the 
solutions;  extent  of  injury;  level  of  amputation;  temperature;  crowding. 

Injurious  or  other  variable  factors  were  guarded  against:  (i)  by  aerating 
and  changing  all  solutions  daily;  (2)  by  diluting  with  water  containing 
known  amount  of  sea-salts;  (3)  by  concentrating  the  sea-water  very  slowly; 
(4)  by  examining  the  323  regenerating  arms  at  intervals  of  14,  24,  and  30 
days. 

Cassiopea  lived  in  solutions  ranging  from  40  to  153  per  cent  sea-water 
solutions. 

Regeneration  occurred  in  solutions  containing  50  to  133  per  cent  sea- 
water. 

Normal  regeneration  of  the  arms  occurred  within  much  narrower  range, 
namely,  75  to  105  per  cent.    Beyond  these  limits  regeneration  was  atypic. 
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While  the  amount  regenerated  in  sea-water  was  equaled  or  exceeded  in 
solutions  diluted  to  as  much  as  85  per  cent,  the  optimum  solution  was  95 
per  cent  sea-water.  With  increasing  concentration,  regeneration  fell  oflF 
rapidly;  with  increasing  dilution  the  amount  regenerated  was  diminished 
very  slowly. 

During  the  succeeding  10  and  16  days  there  was  a  relatively  greater 
regeneration  in  solutions  below  the  optimum,  i.  e.,  in  the  75  and  70  per  cent, 
and  the  character  of  the  curve  was  correspondingly  altered. 

The  development  of  supernumerary  arms  likewise  occurred  most 
frequently  in  the  optimum  solutions,  namely,  95  to  85  per  cent;  less  fre- 
quently with  increasing  dilution  or  concentration. 

When  these  results  are  compared  with  those  of  Loeb  on  Tubularia  and 
with  thewriter^son Eudendrium,  it  is  clear  that  in  all  the  maximum  regener- 
ation does  not  take  place  in  sea-water,  but  in  sea-water  diluted,  and  that 
with  increasing  concentration  or  dilution  regeneration  is  retarded  and 
diminished. 

The  character  of  the  curves  representing  the  influence  of  changes  in 
salinity  upon  the  regeneration  of  these  organisms  is  strikingly  diflferent. 

1.  The  most  dilute  solutions  in  which  regeneration  will  take  place  is 
40  per  cent  for  Tubularia,  50  per  cent  for  Cassiopea,  and  60  per  cent  for 
Eudendrium. 

2.  The  maximum  regeneration  occurs  in  95  per  cent  solutions  for 
Cassiopea,  while  it  is  85  per  cent  for  Eudendrium  and  65  per  cent  for 
Tubularia. 

3.  The  regeneration  in  sea-water  is  equaled  or  exceeded  in  solutions 
diluted  as  much  as  13  per  cent  for  Cassiopea,  20  per  cent  for  Eudendrium, 
and  50  per  cent  for  Tubularia. 

4.  The  curve  is  most  asymmetrical  for  Tubularia,  less  so  for  Cassiopea, 
and  almost  symmetrical  for  Eudendrium. 

5.  The  Eudendrium  behaves  more  like  Cassiopea;  both  are  strikingly 
different  from  Tubularia. 

It  is  very  evident  that  Loeb's  curve  is  not  representative  of  the  behavior 
of  marine  organisms  to  changes  in  concentration,  and  it  is  altogether  prob- 
able that  such  a  curve  can  not  be  expressed  in  a  simple  curve  based  on 
two  variables. 

In  the  absence  of  information  concerning  the  exact  concentration  of  the 
sea-water,  where  each  of  these  experiments  was  made,  it  is  unprofitable  to 
make  extended  generalizations. 
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REGENERATION  IN  THE  ANNELID  WORM  AMPHINOMA  PACIFICA, 
AFTER  REMOVAL  OF  THE  CENTRAL  NERVOUS  SYSTEM. 


By  a.  J.  GOLDFARB. 


In  a  previous  publication,^  the  writer  found  that  the  head  of  the  earth- 
worm Luwbricus  was  regenerated  in  the  entire  and  permanent  absence  of 
the  nerve-cord  from  the  amputated  region.  Inasmuch  as  this  was  the  first 
demonstrative  experiment  of  a  complete  and  perfect  r^;eneration  in  the 
absence  of  the  nerve-cord,  it  seemed  extremely  important  to  ascertain 
whether  the  phenomenon  was  peculiar  to  Lumbricus,  and  therefore  of 
limited  significance,  or  whether  other  annelid  worms  could  likewise  regen- 
erate without  the  aid  or  presence  of  the  nerve-cord.  With  this  object  in 
view,  the  marine  annelid  Atnpkinoma  pacifica  was  chosen,  because  it  lives 
so  well  in  the  laboratory,  because  large  numbers  could  be  readily  procured, 
but  especially,  because  it  was  sufficiently  large  and  hardy  to  permit  of  the 
necessary  operations. 

There  were  two  types  of  operations: 

1.  After  narcotizing  in  a  5  per  cent  solution  of  alcohol  in  sea-water,  the 
worms  were  amputated  and  the  nerve-cord  extracted.  This  was  done  by 
passing  a  fine  forceps  into  the  coelomic  cavity  in  such  a  manner  that  the 
nerve-cord  lay  between  the  tongs  of  the  forceps,  and  at  any  desired  position 
the  forceps  were  firmly  brought  together  and  the  contained  nerve-cord 
was  extracted  with  its  ganglia  and  bases  of  the  nerves.  These  could  then  be 
readily  counted.  I  never  succeeded  in  getting  pieces  so  long  as  those 
in  the  earthworm,  illustrated  in  my  report.^  I  did  succeed  in  extracting  as 
many  as  nine  consecutive  ganglia.  This  method  had  the  distinct  advantage 
of  causing  very  little  injury  to  adjoining  tissues.  The  importance  of  this 
fact  will  be  later  emphasized. 

2.  The  second  type,  of  operation,  used  by  Morgan*  and  modified  by 
Nussbaum,'  consisted  in  cutting  a  "window"  from  the  ventral  side  near 
the  amputated  level.  The  parts  so  removed  or  injured  included  cuticle, 
muscle  layers,  nerve-cord,  often  the  ventral  blood-vessel,  and  the  nephridia. 
A  modification  of  the  operation  consisted  in  making  a  ventral  incision,  then 

1  Goldfiub.  A.  J.    The  inflnwire  of  the  neryout  ssrstem  in  reseneration.    Jour.  Eacp.  ZooL,  7t  A*  I>P*  643- 

122,     I0OQ. 


*  Moraui,  T.  H.    Experimental  itudlea  of  the  faiternal  factora  of  reseneratlon  in  the  earthworm.    Arch 
Sntw.  Mech.,  14.    xpoa. 

*  NiMsbaum,  J.    Beitrage  zur  Frage  fiber  die  Abhftngigkfit  der  Regeneration  vom  nervensyvtem  bei 


for  Bntw.  Mech.,  14. 

*NiMsbaum,  J. 

Niftis  di9€rsicolor.    Arch.  f.  Entw.,  vol.  25.     1908, 
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deflecting  the  muscle  layers  sufficiently  to  permit  the  removal  of  the  ex- 
posed nerve-cord.    The  muscle  walls  were  then  replaced  and  ligatured. 

There  were  90  operations  of  the  first  type,  12  of  the  second,  and  151 
worms  served  as  controls. 

The  worms  were  amputated  at  different  levels  and  the  nerve-cord 
removed  from  the  anterior  as  well  as  the  posterior  parts.  It  is  well  known 
that  the  regeneration  from  the  two  exposed  surfaces  at  certain  levels  may 
be  quite  different.  The  flatworm  Dendrocoslum  lacteum^^  for  example,  regen- 
erated a  tail  from  the  anterior  piece  and  a  head  from  the  posterior  piece, 
provided  the  amputation  was  not  made  more  than  one-third  from  the 
anterior  end.  Posterior  to  this  level  the  head  piece  regenerated  a  tail,  but 
the  tail  piece  did  not  regenerate  a  head.  In  the  earthworm  Lumbricus  the 
same  phenomenon  occurs.  The  differentiating  level  occurs  at  about  the 
fifteenth  segment. 

Amphinoma  differs  from  this  type  of  r^;eneration  in  two  respects: 
(i)  the  level  at  which  the  two  cut  surfaces  can  regenerate  is  much  more 
posterior,  i.  e.,  about  the  middle  of  the  body;  (2)  instead  of  the  regenerative 
power  of  the  tail  pieces  being  limited  to  certain  narrowly  prescribed  levels, 
the  reverse  obtains,  t.  e.,  head  pieces  can  regenerate  tails  only  in  the 
posterior  half  or  third  of  the  worm,  while  tail  pieces  regenerate  heads  at 
practically  all  levels. 

Table  i  gives  some  details  of  the  regeneration  in  the  head  pieces  of  con- 
trol worms,  i.  e.,  level  amputated,  the  number  that  regenerated  a  tail,  etc. 
It  is  evident  that  no  head  piece  regenerated  when  amputated  less  than 
one-eighth  from  the  anterior  end  of  the  worm.  Between  the  third  and  the 
middle  of  the  body  some  of  the  pieces  regenerated,  others  did  not.  All, 
however,  regenerated  posterior  to  the  forty-fifth  segment  or  middle  of  the 

body. 

Table  i. 


Levd  amimtated. 

No.  of  wormf. 

No.  survived. 

No.  regen- 
erated. 

No.  with  no 
legenerstton. 

One-dghth  from  anterior  end.. . . 
Twmtv-fif th  KffiiiMit .......... 

9 

X 

z 
3 
5 

9 

4 

8 

I 
I 
3 
5 

9 

4 

0 

z 
I 
3 
a 

9 

4 

8 

0 
0 

z 
3 

0 
0 

Thirty-fifth  tefmeiit 

One-thhd  from  anterior  end 

Middle  of  worm 

Forty-fifth  Kgment  and  farther 

poateriorby  actual  count 

Three-fourths  from  anterior  end . 

In  table  2  similar  data  are  given  for  tail  pieces  of  control  worms.  The 
data  are  arranged  with  respect  to  the  level  amputated  and  the  number  that 
did  or  did  not  regenerate.  All  of  the  tail  pieces  regenerated  a  head  from 
the  first  quarter,  the  middle,  and  even  from  the  distal  quarter  of  the  worm. 
Beyond  this  level  a  number  of  pieces  did  not  regenerate.  There  were  9 
such  pieces  that  formed  no  head.  Of  these,  5  were  small  distal  pieces 
12  to  17  segments  from  the  distal  end,  and  probably  too  small  to  r^^enerate; 
in  the  other  4,  I  have  no  records  of  the  exact  level  amputated. 
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Table  2. 


Lerd  amxnitated. 

No.  of 
pieces. 

No.  sur- 
vived. 

No.  regener- 
ated. 

No.  that  did  not 
regenerate. 

One-fourth  to  middle 

10 
aa 
10 

13 

3 

'i 

17 
zz 

3 

19 
10 
9 

0 

0 
0 
0 
7 

a 

One-eighth  to  middle 

One-dghthtoseven-eMithi 

One-fourth  to  one-halfT. 

One-eifhth  toseven-eighthi 

One-eighth  to  seven-eighthi 

Tables  i  and  2  establish  the  fact  that  at  anterior  levels  the  head  piece 
can  not  regenerate  a  tail,  while  the  tail  piece  can  regenerate  its  head.  At 
posterior  levels  the  reverse  occurs:  the  tail  piece  can  not  regenerate  a  head, 
though  the  head  piece  can  regenerate  a  tail.  In  the  median  levels  both 
pieces  may  regenerate  their  respective  missing  parts.  These  preliminary 
facts  concerning  the  regeneration  of  Amphinoma,  after  ordinary  amputation, 
will  aid  in  understanding  the  behavior  of  the  head  and  tail  pieces  after  the 
removal  of  the  nerve-cord  as  already  described.  Of  the  56  operated  head 
pieces,  29  survived  25  to  30  days,  as  shown  in  table  3,  which  also  gives  the 
level  amputated  and  the  number  that  failed  to  regenerate. 


Table  3. 

No. 

No.  regen- 
erating a 

Onorated  head  nieces. 

56 

1 

3 
10 

7 

I 

"0" 
0 
0 
0 
0 

one-fourth  level 

one-thizd  level 

4>fV^h9|lf1rV*f 

three-fourths  level 

These  operations  were  made  at  anterior  levels  before  it  was  known  that 
head  pieces  did  not  normally  regenerate  from  these  parts  of  the  worm. 
Though  regeneration  took  place  readily  at  posterior  levels  of  control  worms, 
not  one  operated  head  piece  developed  a  tail.  The  experiment  appears  to 
demonstrate  that,  in  these  instances  at  least,  regeneration  had  been  pre- 
vented by  destroying  the  nerve-cord  near  the  amputated  level. 

I  have  elsewhere  suggested^  that  regeneration  could  be  prevented  and 
frequently  was  prevented  by  various  means  other  than  injury  to  the  central 
nervous  system.  In  the  newt  Diemictylus,  the  regeneration  of  the  tail  was 
prevented  by  plugging  the  cavity  of  the  spinal  column  with  paraffin.  In 
the  salamander  Tomier*  prevented  the  formation  of  the  tail  by  operating 
the  sldn  and  muscle  tissues  in  a  manner  to  prevent  their  coordinate  de- 
velopment. In  Amphinoma  regeneration  was  prevented  not  only  by  injury 
to  the  nerve-cord,  but  by  removing  the  alimentary  tract  from  five  or  more 
segments  nearest  the  amputated  level.  In  table  4  the  anterior  pieces  with  the 
alimentary  tract  so  removed  are  arranged  according  to  the  level  amputated. 

1  Goldfarb,  A.  J.  The  influence  of  the  nervous  system  in  regeneration.  Jour.  Eacp.  Zool,,  vol.  7, 1909. 
The  central  nervous  system  in  relation  to  the  phenomenon  of  regeneration.    Arch,  f .  Entw.,  vol.  3a*  4*    191  z. 

*  Tomier,  G.  Kiamp  der  Gewebe  im  Regenerat  bd  Begunsttgung  der  Hautregeneration.  Arch.  t.  Entw,, 
aa,  Z906,  p.  348. 
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Table  4. 


Number 
of  wonns. 

Number 
survived. 

Level  amputated. 

Number 
regmerated. 

Number  not 
regenerated. 

3 
3 
3 
3 

3 
a 
a 
a 

One-eighth 

One-third 

One-half 

Three-fourths 

0 
0 
0 
I 

a 
a 
a 

X 

That  regeneration  was  not  prevented  by  injury  to,  or  absence  of,  the 
nerve-cord  can  be  demonstrated  only  by  more  direct  proof.  It  must  be 
shown  (i)  that  regeneration  did  not  take  place,  even  though  the  amputated 
region  was  re-innervated  by  the  regenerated  nerve-cord;  (2)  that  regenera- 
tion could  take  place  without  any  trace  of  the  nerve-cord  in  the  region 
adjoining  the  amputated  level.  This  proof  was  obtained  by  a  detailed 
examination  of  serial  longitudinal  sections  of  posterior  pieces.  Table  5  in- 
cludes the  46  posterior  pieces  from  which  the  nerve-cord  had  been  removed 
and  which  were  subsequently  preserved  25  to  30  days  later.^ 

Table  5. 


AmpuUted  level. 

Regenerated. 

No  regeneration. 

One-eighth 

5 

0 

0 

a 
0 

XX 

3 
3 
3 

X 

One-fourth 

One-third 

One-half 

Out  of  28  worms,  7  regenerated  a  distinct  head;  the  other  21  did  not 
regenerate  in  the  same  interval.  Worm  number  33  is  typical  of  the  7 
operated  worms  which  regenerated  their  heads.  The  serial  sections  showed 
that  the  nerve-cord  had  been  completely  removed  from  the  seven  segments 
nearest  the  amputated  level,  agreeing  with  the  record  made  at  the  time  of 
operation.  It  was  found  that  typical  ganglia  of  the  nerve-cord  extended 
as  far  as  the  middle  of  the  sixth  segment  from  the  amputated  level,  at 
which  point  the  nerve-cord  suddenly  became  narrow  and  extended  in  this 
very  narrow,  partially  ganglionated  condition  into  the  fifth,  fourth,  third, 
second,  and  first  segments,  beyond  the  amputated  level  into  the  regener- 
ated head.  It  continued  dorsally  and  ended  finally  in  a  clearly  differ- 
entiated supra-oesophageal  ganglion.  The  details  are  identical  with  those 
described  elsewhere*  for  Lumbricus.  These  worms  afford  no  clue  to  the 
dependence  or  independence  of  regeneration  upon  the  presence  of  the 
nerve-cord  at  the  amputated  level,  nor  of  the  manner  in  which  the  central 
nerve  system  was  formed. 

The  second  group  of  operated  worms  did  not  regenerate  the  head.  I 
have  arbitrarily  designated  a  regenerated  head  one  in  which  at  least  the 
stomadeum  and  "brain"  were  clearly  differentiated.  Worm  number  32 
may  serve  as  an  example  of  this  group.     In  this  worm  the  characteristic 

X  The  high  mortality  occurred  chiefly  in  worms  operated  by  the  "window"  method  of  removing  the  nerve-cord. 
<Goldfarb,A.J..rf(^. 
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nerve-cord  was  present  as  far  as  the  eighth  segment  from  the  amputated 
level.  Beginning  at  the  seventh  segment  the  nerve-cord  was  very  narrow 
and  extended  in  this  attenuated  condition  through  the  sixth,  fifth,  fourth, 
third,  second,  and  first  segments.  The  regenerated  nerve-cord  had  not 
only  reached  the  amputated  level,  but  extended  slightly  beyond,  into  the 
proliferated  embryonic  tissues  laid  down  at  the  cut  end.  A  similar  regen- 
eration of  the  nerve-cord  occurred  in  worms  13,  9,  45,  etc.,  in  which  the 
nerve-cord  regenerated  two  to  seven  or  more  segments,  and  in  which  the 
nerve-cord  did  not  always  reach  or  pass  beyond  the  amputated  level. 

In  the  worms  whose  nerve-cords  had  regenerated  to  the  amputated 
level,  supplying  this  region  with  nervous  and  trophic  stimuli,  the  lack  of 
regeneration  could  not  have  been  due  to  any  lack  of  innervation. 

In  a  third  very  small  group  the  head  regenerated  without  the  presence 
of  the  nerve-cord  at  the  amputated  level.  In  worm  No.  7,  for  example, 
the  characteristic  nerve-cord  extended  as  far  as  the  sixth  segment  from  the 
amputated  level.  The  regenerated  nerve-cord  was  present  in  the  fifth  and 
part  of  the  fourth  segment.  Beyond  this  region,  i.  e.,  the  fourth,  the  third, 
the  second,  and  posterior  half  of  the  first  segment,  there  was  no  trace  of  a 
nerve-cord.  Close  to  the  amputated  level  and  slightly  beyond  it  into  the 
embryonic  tissues,  there  was  an  unmistakable  ganglionic  mass,  from  which 
there  extended  posteriorly  a  short,  narrow  nerve-commissure.  This  supra- 
oesophageal  ganglion  had  been  formed  independently  of  the  direct  contact 
or  stimulation  from  the  regenerating  nerve-cord. 

Worm  No.  34  aflfords  a  much  better  idea  of  the  development  of  the  newly 
formed  head.  The  nerve-cord  was  intact  as  far  as  the  sixth  segment,  from 
which  point  the  regenerated  nerve-cord  extended  through  the  fifth,  fourth, 
and  third  segments.  The  next  two  segments  were  entirely  free  of  traces  of 
the  nerve-cord.  Beyond  the  amputated  level  there  was  a  fairly  large 
regenerated  head  with  a  clearly  diflFerentiated  "brain,"  from  which  the 
nerve-commissures  extended  ventrally  and  posteriorly  almost  to  the  ampu- 
tated level.  These  two  worms  clearly  show  that  it  is  possible  for  a  head 
to  regenerate  with  the  nerve-cord  2, 3,  or  more  segments  from  the  amputated 
level.  They  show  that  the  development  of  the  brain  and  commissures  may 
secondarily  unite  with  the  regenerating  nerve-cord,  as  was  found  to  be  the 
case  in  Lumbrictis. 

In  view  of  the  regeneration  of  the  head  in  Lumbricus^  in  the  absence  of 
innervation  from  the  nerve-cord,  and  in  view  of  the  corroborative  results 
obtained  in  Amphinoma^  it  seems  evident  that  regeneration  can  take  place 
under  these  circumstances.  It  is  very  probable  that  the  presence  of  the 
nerve-cord  accelerated  regeneration.  It  may  also  be  that  regeneration  does 
not  take  place  ordinarily  until  the  amputated  level  has  been  innervated 
from  the  cells  of  the  nerve-cord  as  urged  by  Nussbaum.^  It  is  equally  clear, 
however,  that  a  head  can  be  regenerated  in  at  least  two  annelid  worms 
without  the  aid  or  stimulus  derived  from  the  nerve-cord. 

>  Nuasbaum,  Josef.  Bdtrag  zur  Prage  uber  die  Abhan^gkdt  der  Regeneration  vom  Nervensystem  be 
Ntreis  diversicolor.    Arch.  f.  Bntw.,  vol.  25.    1908. 
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SUMMARY. 

The  marine  annelid  worm  Amphinoma  pacifica  readily  regenerated  a 
head  at  all  levels  except  the  distal  eighth  of  the  worm. 

The  formation  of  a  tail  occurs  only  in  the  posterior  half  or  third  of  the 
body. 

Only  in  the  median  levels  of  the  body  can  the  two  cut  surfaces  regenerate 
a  head  and  a  tail  respectively. 

Regeneration  may  be  prevented  by  a  severe  injury,  either  to  the  digestive 
tract  or  to  the  central  nerve  system;  the  greater  the  injury  the  more  likely 
will  regeneration  be  inhibited. 

Many  pieces  did  not  regenerate  after  removing  the  alimentary  tract 
from  five  or  more  segments  nearest  the  amputated  level. 

Many  pieces,  about  one-third,  failed  to  regenerate  after  removing  the 
nerve-cord  by  the  forceps,  i.  «.,  with  little  injury  to  adjoining  tissues. 

All  failed  to  regenerate  after  removing  the  nerve-cord  by  the  "window" 
method,  i,  e.,  with  serious  injuries  to  adjoining  parts. 

The  operated  worms  were  examined  in  serial  sections.  In  one  group  a 
regenerated  nerve-cord  connected  the  regenerated  "brain"  and  commissures 
with  the  old  intact  nerve-cord. 

In  a  second  group  the  regenerated  nerve-cord  approached  and  in  many 
instances  reached  the  amputated  level,  yet  no  head  was  formed. 

In  a  third  group,  the  nerve-cord  had  regenerated,  but  several  segments 
nearest  the  amputated  end  were  yet  without  any  nerve-cord  or  ganglia. 
These  worms  nevertheless  had  regenerated  a  head  with  its  typical  brain  and 
nerve-commissures. 

The  last  group  completes  the  demonstration  that  Amphinoma  as  well  as 
Lumbricus  can  regenerate  without  the  contact  of,  or  stimulation  from,  the 
nerve-cord  or  central  nervous  system. 
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EXPERIMENTALLY  FUSED  LARV/E  OF  ECHINODERMS  WITH  SPECIAL 
REFERENCE  TO  THEIR  SKELETONS. 


By  a.   J.   GOLDFARB. 


The  early  work  of  Loeb,  Morgan,  and  Herbst  on  the  production  of 
multiple  embryos  from  a  single  egg  suggested  the  reverse  experiment  of 
grafting  or  reuniting  several  fertilized  eggs  into  one  embryo.  This  im- 
portant experiment  was  first  performed  by  Driesch,  who  succeeded  in 
grafting  together  two  eggs  in  at>out  0.04  per  cent  of  the  culture.  With  the 
same  technique  he  subsequently  grafted  the  ^gs  in  other  species  of  echino- 
derms  and  succeeded  in  keeping  such  grafted  groups  alive  until  they  had 
developed  into  the  larval  or  pluteus  stage.  He  found  that  these  larvae,  fell 
into  several  distinct  types,  as  follows:  true  twins,  twins  with  a  common 
blastocoele,  twins  with  a  reciprocal  influence  on  growth,  fusion  with  a 
partially  double  archenteron,  perfect  fusion  with  a  single  set  of  organs,  and 
single  body  with  a  second  parasitic  archenteron. 

In  1912,  the  writer  repeated  these  experiments  with  the  American  form 
Arbacia  punctulata  and  succeeded  only  after  slightly  modifying  Driesch's 
method.  In  the  best  cultures  about  40  per  cent  were  fused  in  groups  of  2, 
3,  4  or  more  eggs.  These  fused  groups  were  preserved  at  different  stages  of 
development  for  further  detailed  study,  but  sufficient  precautions  had  not 
been  taken  to  guard  against  the  solution  of  the  very  delicate  skeletal  struc- 
tures of  the  larvae.  Consequently  the  early  stages  only  were  available  for 
detailed  and  complete  study.  Such  studies  corroborated  and  extended  the 
results  of  Driesch. 

Subsequently,  in  the  performance  of  other  experiments,  it  was  discovered 
that  eggs  could  be  agglutinated  and  fused  quite  as  readily  by  a  very  different 
method,  which  was  not  only  simpler  but  free  of  certain  objections  that  might 
be  urged  against  previously  known  methods.  The  new  method  consisted 
in  using  an  isotonic  or  slightly  hypotonic  NaCl  solution  diluted  with  varying 
quantities  of  sea-water. 

NEW  METHOD  OF  FUSING  EMBRYOS. 

The  best  results  were  obtained  by  the  following  procedure:  The  eggs  of 
Toxopneustes  were  artifldally  fertilized,  and  15  to  20  minutes  later  approxi- 
mately equal  quantities  were  placed  in  solutions  made  up  of  70  to  80  parts 
of  5/8  m.  NaCl  (isotonic  with  sea-water  at  the  Tortugas)  and  30  to  20  parts 
of  sea-water.    After  5  to  8  hours  in  these  solutions  the  eggs  were  trans- 
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ferred  to  fresh  sea-water.  In  the  best  cultures  the  number  of  agglutinations 
and  subsequent  fusions  were  as  numerous  as  in  the  best  cultures  of  Arbacia 
with  th^  modified  Driesch's  method. 

EARLY  DEVELOPMENT. 

Inasmuch  as  I  have  elsewhere  described  in  detail  the  early  develop* 
mental  changes  in  agglutinated  and  fused  embryos  of  Arbacia  and  since  the 
changes  in  Toxopneustes  are  essentially  identical  with  those  in  Arbacia^  I 
will  only  supplement  the  previous  account  by  stating  briefly  at  what  stage 
and  under  what  circumstances  agglutination  occurred  after  treatment  with 
the  NaCl  solutions. 

The  addition  of  an  isotonic  NaCl  solution  to  sea-water  involves  a  dilution 
of  the  other  sea  salts  and  a  concentration  of  the  NaCl.  The  excess  NaCl 
stimulates  the  eggs  to  develop  more  rapidly,  provided  that  the  solution  does 
not  contain  more  than  50  per  cent  of  the  NaCl  solution.  In  solutions  con- 
taining 50  to  60  per  cent  NaCl  solution,  the  excess  NaCl  seems  to  be  neutral, 
but  beyond  this  quantity  with  90  or  more  per  cent  development  was  dis- 
tinctly retarded  and  atypic.  That  the  eggs  in  the  NaCl  solutions  absorbed 
water  was  evidenced  by  the  distinct  increase  in  size  over  the  corresponding 
controls,  and  by  the  diminution  in  the  space  between  the  egg  and  the  fer- 
tilization membrane.  In  many  instances  the  fertilization  membrane  burst 
and  a  part  of  the  protoplasm  of  one  or  more  of  the  blastomeres  protruded 
from  the  fertilization  membrane,  while  in  other  eggs  this  membrane  was 
completely  thrown  off. 

The  differential  rate  of  development  in  the  NaCl  solutions  closely  paral- 
leled the  differential  rate  of  regeneration  in  varying  concentrations  of  sea- 
water.  This  suggested  that  the  agglutinations  might  be  due  to  a  graded 
intake  of  water.  But  no  agglutinations  occurred  in  ordinary  diluted  or 
concentrated  sea-water,  or  in  sea-water  to  which  MgSo4,  K,  Ca,  or  li  salts 
had  been  added,  or  in  sea-water  to  which  various  anesthetics  had  been  added, 
or  with  eggs  whose  fertilization  membranes  had  been  removed,  or  in  sea- 
water  rendered  alkaline.  The  NaCl  in  the  above  experiments  must  have 
affected  the  ^^s  in  such  a  manner  as  to  gelatinize  their  outer  surfaces,  and 
under  these  circumstances,  when  two  or  more  eggs  whose  fertilization  mem- 
branes were  ruptured  came  in  contact,  they  were  agglutinated.  Some  of 
these  agglutinated  eggs  subsequently  separated,  others  remained  aggluti- 
nated, developing  into  more  or  less  perfect  twins,  while  others  fused  together. 
I  have  never  observed  fusion  during  the  egg  stage,  as  reported  by  Haan.  The 
fusion  in  both  Arbacia  and  Toxopneustes  occurred  and  was  limited  to  the 
blastula  and  gastrula  stages,  as  described  in  a  previous  publication.  In 
these  studies  and  in  those  of  other  workers  in  this  field  attention  has  been 
chiefly  directed  to  the  fusion  of  the  ectodermal  walls  of  the  two  embryos 
and  to  the  fusion  of  their  archentera.  The  skeleton  seems  to  have  been 
overlooked.  Curiously  enough  the  changes  in  the  skeletons  of  two  fusing 
larvae  indicate  most  clearly  the  nature  of  the  r^^latory  phenomena  during 
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this  process.    This  paper  will  deal  with  the  consideration  of  the  changes  in 
the  skeletal  structures  in  fusing  larvae. 

SINGLE  PLUTEUS  LARVA. 

Except  where  specifically  mentioned  to  the  contrary  the  drawings  were 
made  with  the  camera  lucida  and  drawn  to  the  same  scale.  Figure  i  is  a 
lateral  view  of  a  single  larva  fully  devloped.    The  figure  represents  the 


2to.- 


D.hr,' 


larva  somewhat  foreshortened,  but  with  all  of  the  parts,  particularly  the 
skeletal  structures,  outlined.  V^^thin  the  body  of  the  larva  are  two  ven- 
tral body  rods,  one  on  each  side  of  the  body.  From  these  rods  two  long 
bars  extend  into  the  ventral  arms.  At  right  angles  to  these,  and  arising  from 
the  union  of  the  ventral  body  rods  and  the  ventral  arm  rods,  are  two  ventro- 
dorsal connectives,  which  in  turn  bifurcate,  one  branch  extending  into  the 
dorsal  arm  and  the  other  aborally  into  the  body  to  form  the  dorsal  body  rod. 
From  the  aboral  end  of  the  ventral  body  rods  are  two  usually  bifurcated 
aboral  branches.  Finally,  there  are  two  ventral  branches  between  the 
ventral  arms,  but  these  are  not  shown  in  the  figure.  These  bars  are  easily 
recognized  from  one  another  in  both  the  single  and  fused  larvae,  and  they 
afford  a  definite  and  measurable  index  of  the  changes  during  the  fusion  of 
the  larvae. 

Figure  2  is  another  single  larva  drawn  under  greater  magnification, 
It  shows,  from  a  foreshortened  ventral  view,  the  same  characteristic  parts 
of  the  skeleton,  and  also  illustrates  the  small  knobs  and  processes  on  the 
ventral  rods,  which  are  sometimes  not  reproduced  in  the  drawings.  Figures 
3  and  4  are  enlarged  to  the  same  scale  as  figure  2  and  represent  the  ventral 
and  lateral  views  of  the  skeleton.  Figure  4  affords  a  particularly  good 
example  of  the  spinous  ventral  body  rods. 
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FUSED  PLUTEI. 

Agglutinated  or  "true  twin"  larvae  are  of  no  special  significance  for  my 
present  purpose,  for  each  is  perfectly  developed  and  no  reciprocal  influence 
occurred.  Figures  i  to  3  correctly  represent  any  such  agglutinated  larva. 
It  is  only  in  fused  larvae,  i.  e.,  larvae  with  a  common  body  cavity  and  a  com- 
mon and  continuous  ectodermal  wall,  that  reciprocal  changes  are  observed. 


Ua:- 
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Fig.  3. 


Fig.  4. 


In  the  following  drawings,  for  the  sake  of  simplicity,  I  have  not  always 
indicated  the  whole  skeleton  when  such  omitted  portions  are  normal  and 
when  the  symmetrical  right  or  left  side  is  fully  represented.  Figure  5  is 
a  partial  fusion  of  two  larvae  with  a  common  body  cavity  and  a  continuous 
body  wall.  Each  larva  is  completely  differentiated  and  normal.  The 
archentera  are  complete  and  independent,  though  they  appear  to  be  super- 
imposed in  this  particular  view  of  the  fusion.  The  skeletons  are  typical 
and  the  parts  are  complete  and  characteristic  of  the  normal  single  larva. 
On  closer  examination  it  is  found  that  certain  parts  have  not  developed  or 
have  not  reached  their  full  size,  such  as  the  left  dorsc*l  rods  of  the  right  or 
A  pluteus,  and  the  left  dorsal  arm  of  the  left  or  B  pluteus.  Associated 
with  this  suppression  or  retardation  of  the  dorsal  rods  there  is  a  compen- 
satory growth  of  the  left  dorsal  arm  of  the  B  pluteus.  This  supernumerary 
arm  bifurcates,  one  branch  extending  into  the  right  pluteus,  the  other  branch 
into  the  left  pluteus.  And  though  the  skeletal  rods  of  the  two  larvae  are 
in  close  proximity  and  overlap  in  several  places,  there  is  no  trace  of  a  fusion 
of  the  rods.    This  suppression  of  the  dorsal  rods  and  the  associated  compen- 
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satory  growth  of  other  parts  of  the  skeleton  were  observed  in  varying 
d^jees  of  complexity  in  all  or  nearly  all  the  fused  larvae. 

The  two  plutei  of  figure  6  are  fused  more  completely  together  than  the 
preceding  pair  of  plutei.    The  two  larvae  are  perfect  and  the  parts  are 


Left  dL.a.r. 


Fig.  5. 

typical  and  independent,  except  the  body  wall,  which  is  common  to  both. 
In  the  right  or  A  pluteus  each  of  the  skeletal  parts  is  differentiated  and 
normal.     In  the  left  or  B  pluteus  the  ventral  body  rods  are  incomplete  in 


Fig.  6. 

so  far  as  they  do  not  possess  their  aboral  bifurcated  branches,  and  one 
of  the  ventral  arm  rods  is  abbreviated.  The  B  pluteus  in  this  fusion  is 
incomplete,  not  with  respect  to  the  dorsal  rods,  as  in  the  previous  example, 
but  in  the  aboral  branches  of  the  ventral  body  rods. 
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It  IS  well  known  that  in  the  development  of  the  skeleton  the  mesenchyme 
cells  differentiate  two  triradiate  spicules,  one  on  each  side  of  the  body. 
The  bars  of  the  triradiate  spicules  develop  unequally.  The  ventral  body 
rod,  the  ventral  arm  rod,  and  the  dorso-ventral  connective  are  formed  from 
the  outgrowth  of  the  original  three  bars.  Subsequently  the  dorsal  body 
rod  and  the  dorsal  arm  rod  are  differentiated,  and  finally  the  aboral  branches 
of  the  ventral  body  rods.  In  the  two  examples  of  fused  larvae  just  described, 
it  was  found  that,  when  skeletal  parts  are  suppressed,  such  suppression  is 
limited  to  the  parts  last  to  be  differentiated,  namely  one  or  both  dorsal  rods 
and  the  aboral  branches  of  the  ventral  body  rods.  That  this  suppression 
was  permanent  can  readily  be  demonstrated.  It  will  be  recalled  that  all 
parts  of  a  pluteus  are  fully  formed  within  72  hours,  yet  these  fused  plutei, 
after  a  period  of  4  to  7  days,  had  not  differentiated  their  missing  rods. 


Fig.  7a.  Fig.  7b. 

The  last  fusion  does  not  offer  such  clear  evidence  of  compensatory 
growth  as  the  preceeding  fusion;  it  is  probably  limited  to  the  extremely 
elongated  dorso-ventral  connectives  of  the  B  pluteus. 

In  the  last  two  instances  the  fused  plutei  were  equal  or  nearly  equal, 
both  in  size  and  in  the  stage  of  development.  In  a  large  number  of  instances, 
however,  the  two  plutei  are  unequal  in  both  these  respects  and  in  varying 
degrees  of  inequality.  For  example,  figures  7A  and  7B  are  two  views  of  the 
same  pair  of  fused  plutei,  of  which  figure  7A  is  somewhat  enlarged.  In 
these  figures  the  A  pluteus  is  clearly  larger  and  more  completely  differenti- 
ated than  its  mate;  the  four  arms,  the  shape  of  the  body,  and  the  archen- 
teron  are  completely  differentiated  and  normal.  The  B  pluteus  appears 
to  have  but  one  abbreviated  arm  and  a  diminutive  archenteron. 

The  skeletons  show  very  clearly  the  unequal  development  of  the  two 
plutei.    The  A  pluteus  contains  all  the  skeletal  parts  of  the  normal  pluteus. 
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and  their  shape  and  size  and  relative  positions  are  essentially  normal.  The 
skeleton  of  the  B  pluteus  is  far  from  complete.  It  contains  the  two  ventral 
body  rods  and  two  dorso-ventral  connectives  which  are  quite  normal,  but 
the  two  dorsal  body  rods,  one  of  the  ventral  arm  rods,  and  one  dorsal  arm 
rod  are  very  much  reduced  in  size,  and  there  is  no  trace  at  all  of  the  aboral 
branches.  The  compensatory  growths  of  the  skeletons  in  this  fusion 
are  very  striking  indeed.  They  are  altogether  limited  to  the  A  pluteus 
and  confined  to  processes  on  the  right  ventral  body  rod  at  IP  and  on  the 
left  ventral  body  rod  at  IP,  where  the  outgrowth  is  much  branched  and 
extends  into  the  B  pluteus.  The  formation  of  these  hypertrophied  and 
supernumerary  bars  is  explicable  on  the  assumption  that  when  the  mes- 


FiG.  8.  Fig.  9. 

enchjone  cells  were  prevented  from  developing  within  its  own  larva  they 
migrated  into  the  adjoining  or  A  larva  and  there  formed  the  additional 
skeleton  at  or  near  the  center  of  active  skeleton  building,  namely,  the  region 
of  the  union  of  ventral  rods  and  dorso-ventral  connectives. 

Figure  7b  is  a  dorsal  view  of  the  same  pair  of  fused  plutei,  which  shows 
more  clearly  some  of  the  points  referred  to. 

Figure  8  represents  two  plutei  much  more  completely  fused  into  one 
body.  The  dominant  or  A  pluteus  is  typical  and  complete;  the  suppressed 
or  B  pluteus  is  smaller  and  incomplete,  and  this  inequality  is  shown  par- 
ticularly well  in  the  skeletons.  It  will  be  observed  that  the  B  pluteus  is 
deficient  in  these  skeletal  parts  that  were  missing  or  abbreviated  in  the 
previous  examples,  namely,  the  dorsal  arm  rods  and  the  aboral  ventral 
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branches.  The  other  parts  are  perfectly  differentiated.  If  the  hypothesis 
of  the  migration  of  the  mesench3ane  cells  from  the  suppressed  to  the  other 
larva  is  correct,  one  would  expect  in  this  fusion  correspondingly  smaller 
compensatory  growth  to  have  taken  place;  this  b  found  to  be  the  case, 
namely  additional  processes  on  the  ventral  body  rod  shown  at  h  and  an 
elongated  dorso-ventral  connective. 

A  rather  interesting  instance  of  form  equilibrium  is  seen  in  the  A  pluteus, 
where  the  left  dorsal  arm  is  absent  and  the  right  has  formed  an  accessory 
arm  rod  and  dorso-ventral  connective.  This  fusion  affords  particularly 
strong  evidence  that  the  skeletons  of  the  two  plutei  do  not  fuse  in  the 
ordinary  acceptance  of  that  term,  for  the  overlapping  of  the  parts  b  here 
very  considerable. 

In  figure  9,  the  inequality  of  the  two  fused  plutei  is  very  great.  The 
A  pluteus  b  perfect  in  every  detail,  the  B  is  very  incomplete.  In  the  first 
place,  there  is  but  one  in  place  of  four  arms,  and  the  gut  is  fused  to  the 
for^^ut  of  the  A  pluteus.  The  skeleton  consists  of  two  ventral  body  rpds, 
only  one  of  which  possesses  an  aboral  branch ;  two  dorso-ventral  connectives, 
and  one  large  and  one  very  small  ventral  arm  rod.  There  is  no  trace  of  the 
dorsal  arm  or  body  rods.  As  in  previous  instances,  such  supppession  of  the 
skeleton  is  associated  with  compensatory  growths,  which,  in  this  instance,  is 
confined  to  the  supernumerary  ventral  body  rod  and  to  a  marked  thickening 
of  the  other  ventral  body  rod  of  the  B  pluteus. 

The  fusion  shown  in  figures  ioa  (somewhat  enlarged)  and  in  lOB  is 
particularly  interesting.  It  resembles  figure  9  in  so  far  as  the  A  pluteus 
is  complete  and  true  to  type,  while  the  B  pluteus  is  very  incomplete.  The 
dominant  pluteus  has  all  the  skeletal  parts,  the  other  (B)  has  but  one  ventral 
arm  and  an  atypic  archenteron.  The  skeleton  of  this  pluteus  consists  of 
only  three  out  of  at  least  twelve  parts,  namely  one  ventral  body  rod,  one 
ventral  arm  rod,  and  one  dorso-ventral  connective.  Over  three-quarters 
of  the  skeleton  has  not  been  differentiated. 

The  compensatory  growth  of  the  skeletal  structures  is  to  some  d^^ree 
commensurate  with  the  degree  of  incompleteness  or  suppression.  Close 
examination  of  figure  10  will  show  that  the  right  dorso-ventral  connective 
is  not  the  normal  single  rod,  but  is  much  branched,  and  that  from  it  a  very 
long  bar  extends  across  the  body  of  A  into  the  body  of  B;  it  reaches  almost 
as  far  as  the  ventral  body  rod  of  B,  and  might  easily  be  mistaken  for  its 
symmetrical  mate.  Figure  iob  affords  another  view  of  this  fused  larva  and 
shows  in  a  more  striking  manner  some  of  the  facts  just  referred  to.  In 
passing,  it  might  be  noticed  that  the  three  short  rods  derived  from  the 
dorso-ventral  connectives  of  B  are  probably  other  supernumerary  or  com- 
pensatory outgrowths  of  the  skeleton. 

The  extension  of  the  large  supernumerary  (s)  rod  across  one  pluteus 
and  into  the  other  might  be  accounted  for  in  one  of  two  ways.  Either  it  was 
formed  originally  £ts  a  ventral  body  rod  in  the  B  pluteus  and  secondarily 
united  with  the  skeleton  of  the  A  larva  at  its  dorso-ventral  connective,  or 
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it  was  an  hypertrophied  dorso-ventral  connective  of  A  which  grew  beyond 
the  limits  of  its  own  body  into  B.  The  matter  can  be  settied  conclusively 
only  by  continuous  observation  of  the  living  fusion,  which  was  not  made  in 


y.c. 


Fig.  ioa. 


Fig.  I  OB. 


the  case  of  this  particular  fusion.  The  preceding  and  certain  of  the  follow- 
ing fusions  make  it  altogether  probable  that  a  fusion  of  the  two  skeletons 
did  not  take  place,  but  that  the  mesenchyme  cells  migrated  from  one  part 
of  the  body  to  another,  as  in  figures  5,  6,  8,  and  9,  or  from  one  body  into 
the  other,  as  in  figures  7  and  10.  On  comparing  figures  7  and  10,  ic  will 
be  observed  that  the  supernumerary  rod  in  both  originated  in  the  same  region, 
is  much  branched,  extends  from  one  larva  into  the  other,  differing  only  in 
the  matter  of  length,  and  finally  that  they  replace  the  suppressed  parts  of 
the  skeleton  of  the  weaker  larva.  The  close  similarity  in  these  respects  is 
significant  and  supports  the  view  of  a  redistribution  of  the  mesenchyme 
cells  and  the  subsequent  outgrowth  of  the  hypertrophied  rods  into  the 
second  larva. 

Figure  11,  which  is  somewhat  enlarged,  might  be  mistaken  for  a  single 
larva  with  a  supernumerary  arm.  On  closer  examination  it  will  be  found 
that  there  are  clearly  two  larvae  fused  very  completely  together.  One  of 
these,  the  dominant  or  A  pluteus,  has  the  characteristic  four  arms,  perfect 
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archenteron,  etc.  The  other  or  B  pluteus  is  represented  externally  by  a 
single  arm.  This  arm,  however,  contains  a  ventral  and  a  dorsal  arm  rod 
united  by  a  dorso-ventral  connective,  from  which  a  characteristic  ventral  and 
a  dorsal  body  rod  extend  into  the  common  body  cavity.    The  arm  of  B 

is  really  the  right  or  left  half  of  the 
B  larva  and  if  there  be  any  doubt 
as  to  the  dual  character  of  figure 
II,  the  diminutive  archenteron  in 
the  B  larva  should  at  once  set  it 
aside. 

There  are  several  instances  of 
compensatory  growths  in  the 
dominant  larva.  There  is  the 
hypertrophied  dorso-ventral  con- 
nective, and  better  still  the  dorsal 
body  rod  which  is  not  merely 
considerably  longer  but  extraordi- 
narily thicker  than  in  the  con- 
trols, and  finally  an  elongated  left 
dorsal  body  rod. 

It  should  again  be  noted  that 
although  there  is  considerable 
overlapping  of  adjoining  skeletons 
there  is  no  fusion  at  any  point. 

In  the  fusions  of  the  larvae  so 
far  described,  the  archentera  were 
either  independent  or  partially 
fused.  In  the  following  examples 
the  two  larvae  are  more  completely 
fused  together,  and  there  is  but 
one  archenteron,  the  one  belong- 
_  ing  to  B  having  been  either  sup- 

FiG.  II.  pressed   or   fused    completely  in 

that  of  A. 
Figure  12  is  an  example  of  a  very  complete  fusion  of  two  larvae  with  but 
one  archenteron.  Detailed  inspection  shows  that  one  larva  is  complete 
and  perfect,  while  the  other  has  but  a  short  blunt  arm  as  the  external 
evidence  of  the  second  larva.  Within  this  arm  there  is  a  normal  and  char- 
acteristic ventral  body  rod  with  a  number  of  hypertrophied  processes,  a  true 
dorso-ventral  connective  and  an  unusually  thin  ventral  arm  rod,  and  an 
accessory  dorsal  arm  rod.  In  this  larva  the  right  or  the  left  half  of  the 
larva  has  been  differentiated,  but  less  completely  than  the  half  larva  of 
figure  II. 

Figure  13  resembles  the  fusion  shown  in  figure  12  in  several  essential 
points.     Each  fusion  has  but  one  archenteron,  a  dominant  and  perfect 


Digitized  by 


Google 


Experimenkdly  Fused  Larva  of  Echinoderms^  etc.  115 

larva,  and  a  very  incomplete  larva  represented  by  a  single  broad  arm,  in 
which  there  is  a  ventral  arm  rod,  a  ventral  body  rod,  and  a  dorso-ventral 
connective.  In  figure  13  there  are  two  thin,  straight  bars — one  long,  the 
other  very  short,  neither  of  which  connects  with  either  the  B  or  the  A 
skeletons.  If  it  be  assumed  that  retrogressive  changes  have  taken  place 
and  that  these  have  affected  one  or  both  ends  of  certain  rods,  we  should 
expect  the  connections  between  rods  to  disappear,  the  distal  ends  to  be 
shortened,  and  the  bars  themselves  to  be  thinner  than  corresponding  rods 
of  control  larvae.  All  these  results  are  found  in  figure  13  and  the  inde- 
pendent bars  probably  represent  the  former  dorsal  and  ventral  arm  rods. 


Fig.  12.  Fig.  13. 

In  figure  14  form  equilibrium  is  more  closely  established.  Larva  B  is 
reduced  to  a  small,  very  blunt  protuberance  on  the  left  side  of  the  figure. 
It  consists  internally  of  a  ventral  body  rod  and  its  aboral  branch,  a  very 
much  dwarfed  ventral  arm  rod,  a  dorso-ventral  connective,  a  dorsal  body 
rod,  a  supernumerary  rod  at  S  and  a  mere  rudiment  of  the  dorsal  arm  rod. 
In  other  words  only  one  half  of  one  side  of  the  skeleton  has  been  formed  in  this 
larva. 

The  gradual  decrease  in  size  and  contents  of  the  B  larva,  seen  in  figures 
II  to  14  inclusive,  reaches  an  extreme  state  in  figure  15;  and  if  it  were  not 
for  the  intermediate  stages  already  described,  figure  15  might  easily  be 
overlooked  or  mistaken  for  a  single  larva. 

In  figure  15  the  A  larva  contains  all  the  parts  in  their  proper  relative 
positions  typical  of  the  control  larva.  The  gut  is  somewhat  enlarged, 
indicating  the  incomplete  fusion  of  the  two  archentera.  The  skeleton  is 
single  and  perfect  and  to  describe  it  is  to  describe  the  control  larva.    The  B 
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larva  is  represented  only  by  a  short,  blunt  arm  containing  a  single  straight  rod, 
probably  a  ventral  arm  rod,  which  passes  the  ventral  body  rod  of  the  A 
larva  and  ends  blindly  in  the  common  body  cavity.  This  single  rod  is  less 
than  one-twelfth  of  the  complete  skeleton  whose  parts  have  either  been 
suppressed  or  disintegrated  after  their  formation.     If  either  or  both  of  these 


Fig.  14. 


Fig.  15. 


processes  were  to  continue  beyond  the  stage  shown  in  this  figure  the  blunt 
arm  would  disappear  with  its  contained  single  bar  and  all  trace  of  the  B 
larva  would  be  gone.  It  would  then  be  absolutely  impossible  to  distinguish 
such  a  larva  from  the  non-fused  larvae  in  the  rest  of  the  culture. 

DISCUSSION. 

In  a  previous  publication  I  have  shown  that  two  or  more  blastulae  or 
gastrulae  derived  from  separately  fertilized  ^gs,  when  united,  tended  to  be 
remolded  into  a  single  gastrula  somewhat  larger  than  the  controls.  In  this 
paper  I  have  shown  that  this  process  of  form  regulation  continued  through 
the  larval  period,  during  which  the  tissues  were  completely  differentiated. 
Such  fusing  larva  tended  to  be  remolded  into  a  single  one  of  normal  size, 
but  this  tendency  is  conditioned  by  certain  factors,  of  which  the  following 
are  the  most  important: 

(i)  Area  of  the  agglutinated  surfaces  of  the  two  blastuUe:  When  the  de- 
veloping blastulae  are  merely  agglutinated  by  an  inconsiderable  area  of  their 
surfaces,  each  develops  into  a  gastrula  and  a  pluteus — complete,  perfect. 
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and  independent  of  the  other  except  for  the  common  surface  of  attachment. 
There  is  no  reciprocal  influence  of  one  upon  the  other.  When,  however, 
the  agglutinated  surfaces  extend  over  a  large  area  the  blaatuke  tend  to 
fuse,  to  have  a  common  blastoccele,  and  the  gastrulae  tend  to  approximate 
the  form  of  a  single  embryo.  It  can  not  be  stated  definitely  which  is  cause 
and  which  effect,  whether  greater  common  surface  makes  for  more  complete 
fusion  or  whether  the  internal  forces  making  for  fusion  also  affect  the  surfaces 
of  the  agglutinated  embryos. 

(2)  Mass  of  aggluHnated  or  fused  embryos:  When  more  than  four  or  five 
eggs  are  agglutinated  the  disintegration  of  one  or  more  of  them  at  an  early 
stage  in  their  development  brings  about  the  disint^ration  of  the  entire 
cluster  before  they  can  fuse.  \^en  three  blastulse  are  agglutinated  they 
may  develop  into  three  perfect  and  practically  independent  larvae,  or  they 
may  fuse  together,  under  which  circumstance  the  reciprocal  influences  are 
exceedingly  complex  and  the  resulting  larva  is  quite  atypic.  For  this  reason 
I  have  omitted  all  consideration  of  such  complex  fusions  and  limited  myself 
to  fusions  of  two  eggs,  so  that  the  regulative  changes  may  be  observed  with 
the  least  number  of  disturbing  factors. 

(3)  Differential  rate  of  devehptnetU:  When  two  gastrula  are  fused  and 
each  has  developed  at  an  equal  rate,  twin  larvae  like  that  shown  in  figures 
5  and  6  result,  in  which  case  each  larva  is  practically  complete  and  equal  in 
size,  and  has  little  or  no  influence  upon  the  other.  When  two  gastrula  have 
not  developed  equally  the  conditions  are  then  most  favorable  for  form  regu- 
lation. 

At  least  two  factors  are  involved  in  form  regulation,  namely,  the  sup- 
pression of  structures  and  the  disintegration  of  those  already  differentiated. 

I  have  elsewhere  shown,  from  the  study  of  living  fusions,  that  the 
archenteron  of  one  of  the  fused  gastrulae  may  be  entirely  inhibited  or  may 
never  develop  beyond  an  early  stage  of  its  differentiation.  Driesch  and 
de  Haan  have  also  observed  aborted  or  dwarfed  archentera.  I  have  shown 
in  this  paper  that  certain  parts  of  the  skeleton  also  may  never  be  developed, 
that  such  suppressed  parts  are  nearly  always  the  last  to  be  differentiated 
and  confined  to  but  one  of  the  fused  larvae. 

It  has  been  urged  by  de  Haan  that  the  suppressed  larva  is  a  sick  larva, 
that  there  is  no  regulation  but  that  a  union  of  a  healthy  and  an  imhealthy 
larva  occurs.  Under  such  circumstances  we  should  expect  the  sick  larva 
to  be  atypic  and  some  relation  between  diminutive  size  and  d^;ree  of  ir- 
regularity in  development.  But  the  fused  larvae  are  quite  perfect  and  often 
of  normal  size.  It  might  be  urged  that  only  very  sick  larvae  would  be  atypic 
and  would  not  complete  their  development.  But  how  can  one  account  for 
the  lack  of  development  of  the  right  or  the  left  sides  of  the  skeleton  on  such 
an  assumption?  It  would  also  be  exceedingly  difficult  to  accoimt  for  the 
absence  of  the  oral  half  of  one  side  (fig.  14),  particularly  in  the  face  of  the 
fact  that  the  skeletal  parts  that  are  differential  are  characteristic  and  normal 
and  show  no  trace  of  irregularity  or  sickness. 
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Since  the  suppression  of  8keletx>n,  arms,  and  archentera,  etc.,  do  not 
occur  in  control  larvse»  it  seems  reasonable  to  suppose  that  the  more  rapidly 
developing  larva  influences  the  other  in  such  a  manner  that  the  mesenchyme 
cells  of  the  latter  are  prevented  from  completing  the  skeleton,  and  the 
degree  of  suppression  seems  to  be  related  to  the  differential  rate  of  de- 
velopment, the  greater  the  difference  the  greater  the  suppression  of  the 
parts  of  the  slower  developing  larva. 

The  second  factor  making  for  form  equilibrium  is  the  loss  of  parts  that 
have  already  been  differentiated.  I  have  shown  from  the  study  of  living 
gastrulae  that  the  archenteron  in  the  slower  developing  gastrula  in  a  fusion 
may  be  reduced  in  size  and  completely  disappear.  The  skeletons  may  also 
actively  degenerate  in  one  of  the  fused  larvae.  This  d^eneration  is  evi- 
denced in  the  reduction  in  thickness  of  various  rods,  in  the  disintegration 
of  one  or  both  ends  of  rods,  or  both  of  these  processes.  As  a  result  of  the 
incomplete  development  of  the  skeleton  and  the  subsequent  disintegration 
of  parts  that  have  been  formed  the  skeleton  may  ultimately  consist  of  but 
a  single  or  a  few  independent  rods.  And  since  the  size  of  the  body  is  so 
dependent  upon  the  size  of  the  skeleton  the  suppressed  larva  may  decrease 
in  size  until  it  almost  disappears,  as  shown  in  figure  15,  and  I  believe  may 
completely  disappear. 

What  happens  to  the  tissues  of  the  degenerating  larva?  Are  they  ab- 
sorbed as  food  by  the  dominant  larva  as  nurse  cells  supply  egg  cells  with 
nutriment;  or  are  they  disintegrated  after  the  manner  of  certain  grafts 
without  any  influence  upon  the  host;  or  are  they  transferred  and  recon- 
structed within  the  body  of  the  dominant  larva?  There  is  unmistakable 
evidence  that  two  of  these  processes  ordinarily  take  place,  but  in  unequal 
degree  and  affecting  different  structures  of  the  organism. 

The  transfer  and  rebuilding  of  the  materials  of  one  larva  into  the  other 
are  limited  to  the  last  differentiated  tissues,  namely,  the  skeleton.  It  was 
shown  that  when  two  fused  larvae  developed  unequally  the  dominant  pluteus 
may  prevent  the  completion  or  the  development  of  parts  of  the  skeleton; 
that  under  these  circumstances  the  unused  mesenchjone  cells  may  migrate 
to  other  regions  of  the  body  or  into  the  body  of  the  dominant  larva  and  there 
give  rise  to  additional  skeletal  material,  either  by  the  thickening  or  elonga- 
tion of  the  rods  or  by  the  growth  of  supernumerary  processes  and  rods. 
The  extent  of  such  hypertrophied  or  supernumerary  growths  was  commen- 
surate with  the  suppression  of  skeletal  parts  in  the  other  regions. 

De  Haan  seems  to  have  shown  that  two  eggs  may  be  completely  fused 
into  one  somewhat  larger  than  the  control.  Driesch,  Goldfarb,  and  de 
Haan  have  demonstrated  that  blastulae  may  be  completely  fused  together 
into  a  single  larger  blastula.  The  evidence  is  not  so  conclusive  but  seems 
to  point  to  a  complete  fusion  of  gastrulse  and  the  enlargement  of  the  gut  as 
well  as  the  body. 

Beyond  this  stage  in  the  differentiation  of  the  tissues  a  complete  fusion 
of  the  organs  of  the  two  larvae  does  not  take  place,  at  least  in  Toxopneustes 
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variegatus.  The  skeleton  under  no  circumstance  fuses  in  the  two  individuals 
and  there  is  no  evidence  of  an  enlargement  of  the  larva  to  form  the  ''ein- 
heits  pluteus"  or  completely  fused  larva  of  Driesch.  There  is,  on  the 
contrary,  definite  evidence  that  disintegration  of  skeletal  materials  takes 
place  in  the  suppressed  larva  withotU  any  corresponding  enlargement  of  the 
skeleton  or  the  body  of  the  dominant  larva.  The  dominant  larva  in  figures  12, 
13,  14,  and  15  are  no  larger  than  in  figures  9,  iob,  5,  6,  7B,  and  8 — all 
drawn  to  the  same  scale — or  figures  11,  iob,  and  7a,  drawn  to  greater 
magnification.  In  the  second  place  the  dominant  larva  in  these  fusions  are 
no  larger  than  the  corresponding  control  larva,  and  the  variation  in  size 
is  approximately  the  same  in  both  groups.  There  are  no  giant  larva  in  the 
sense  employed  by  Driesch  and  Morgan  and  other  investigators.  There 
are  completely  fused  larva  as  there  are  completely  fused  blastulae  and 
gastnilae. 

The  facts  clearly  show  that  in  the  blastula,  gastrula,  and  larval  stages 
the  less  or  earlier  differentiated  tissues  (such  as  ectoderm  and  entoderm) 
after  their  union  to  form  the  giant  body  and  giant  gut  diminish  in  size  until 
a  normal  single  body  and  guC  are  approximated.  This  diminution  must 
occur  either  as  a  consequence  of  the  degeneration  of  certain  cells  or  the 
diminution  in  size  of  the  cells.  The  latter  can  readily  be  shown  not  to  be 
the  case. 

It  can  also  be  shown  that  the  degenerating  substances  in  one  larva  do 
not  serve  as  food  or  stimulant  of  the  other,  for  the  dominant  larva  are  no 
larger  nor  do  they  develop  any  faster  than  the  controls.  In  fact  they  are 
considerably  slower  than  the  controls. 

The  increased  growth  occurs  not  in  any  increase  of  the  larval  body 
or  of  the  contained  organs,  but  in  the  hypertrophied  and  supernumerary 
processes  and  bars  whose  origin  and  development  have  been  described. 

SUMMARY. 

A  new  method  was  discovered  by  which  large  numbers  of  eggs  of  Toxop^ 
neustes  variegatus  could  be  fused  together,  during  the  blastula  and  gastrula 
stages.  The  method  consists  essentially  in  placing  the  fertilized  eggs  in  a 
solution  composed  of  one  part  of  sea-water  to  three  parts  of  either  an 
isotonic  or  a  slightly  hypotonic  NaCl  solution. 

This  solution  has  two  effects  upon  the  eggs,  namely,  it  increases  the 
volume  of  the  egg  and  thereby  bursts  the  fertilization  membrane,  and  it 
gelatinizes  the  surface  of  the  egg.  When  any  such  eggs  are  in  contact 
they  become  agglutinated  and  may  remain  agglutinated  and  produce  twin 
larvae  or  fuse  together  during  the  blastula  or  gastrula  st£^;es. 

The  conditions  that  favored  the  fusion  process  were: 
(i)  The  nimiber  of  agglutinated  eggs:  More  than  two  eggs  rarely  gave  rise 
to  a  fused  and  characteristic  larvae.    When  two  eggs  were  agglu- 
tinated they  either  developed  into  twin  larvae  or  fused  more  or  less 
completely  together. 
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(2)  Time  of  fusion:  The  earlier  in  development  that  fusion  occurred  the 

more  completely  did  the  parts  tend  to  fuse  together  and  vice  versa. 

(3)  Area  of  common  surface:  The  greater  the  surface  common  to  both  ^;gs 

or  blastulae,  the  more  completely  and  the  earlier  did  they  tend  to 
fuse,  and  vice  versa. 

(4)  Differential  rate  of  development:  When  the  two  embryos  developed 

equally  fast,  each  was  essentially  perfect,  though  fused  to  the  other. 

When  one  developed  less  rapidly  than  the  other,  reciprocal  changes 

took  place,  as  a  result  of  which  the  larvae  tended  toward  complete 

fusion  and  form  equilibrium. 
Form  equilibrium  is  determined  by  at  least  these  three  factors,  namely: 
(i)  Differential  rate  in  the  development  of  the  two  egga, 

(2)  An  inhibition  in  the  development  of  certain  structures.  The  skele- 
ton in  the  more  slowly  developing  larva  was  rarely  complete,  lacking  those 
portions  of  the  skeleton  that  were  last  differentiated.  Such  portions  may 
include  one-half,  three-quarters,  or  more  of  the  skeleton.  The  parts  that 
do  appear  are  perfectiy  normal. 

(3)  A  disint^:ration  of  certain  structures.  Skeletal  parts  of  the  larva 
after  their  complete  differentiation  may  break  down  and  completely  dis- 
appear. Such  decrease  in  the  skeleton  was  accompanied  by  a  decrease  in 
the  corresponding  parts  of  the  body  of  the  larva. 

Such  r^^ulative  changes  are  nearly  always  limited  to  the  more  slowly 
developing  larva.  They  result  in  the  complete  atrophy  of  this  larva  without 
any  reciprocal  or  compensatory  e£fect  upon  the  shape,  size,  or  parts  of  the 
more  rapidly  developing  or  dominant  larva,  except  for  the  skeleton. 

The  ectoderm  and  the  entoderm  of  one  larva  may  fuse  with  that  of  the 
other,  and  may  subsequentiy  be  absorbed  or  be  disint^:rated  witiiout  any 
visible  effect  upon  the  other  larva.  The  skeleton  never  fused.  When  it 
was  suppressed  in  one  larva,  some  or  all  of  the  unused  mesenchyme  cells 
migrated  to  other  regions  of  the  same  larva,  or  into  the  adjoining  larva,  and 
there  gave  rise  to  hypertrophied  or  supemimierary  parts  of  the  skeleton, 
and  in  certain  instances  replaced  in  part  the  missing  skeleton  of  the  sup- 
pressed larva. 
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EXPERIMENTS  ON  THE  PERMEABILITY  OF  CELLS. 


By  J.  F.  McClendon. 


One  of  the  most  important  steps  in  the  analysis  of  life  was  the  discovery 
of  oxygen.  Ever  since  that  time  it  has  been  known  that  animals  absorb 
free  oxygen  and  give  it  out  in  a  combined  form. 

The  discovery  of  enzymes  has  given  a  clue  to  the  rapidity  of  oxidation 
within  cells;  but  enzymes  are  always  present  in  living  substance,  and  yet 
oxidation  may  vary  from  almost  zero  in  certain  eg^  and  seeds  during  rest 
to  a  high  rate  during  activity.  We  know  that  oxidation  within  muscle  is 
greatly  increased  during  contraction,  yet  hardly  anyone  would  suppose  this 
to  be  due  to  the  sudden  increase  of  oxidases.  Loeb,  however,  did  use  this 
explanation  for  the  increased  oxidation  of  the  egg  on  fertilization,  by  sug- 
gesting that  the  sperm  carries  an  oxidase  into  the  egg.  Certainly  the  sperm 
contains  an  oxidase,  as  does  every  other  cell,  but  the  sperm  is  minute  in  com- 
parison Y/ith  the  egg,  and  no  one  has  found  any  indication  of  an  unusual 
amount  of  oxidase  in  the  sperm.  Furthermore,  the  egg  may  be  made  to 
divide  by  artificial  means  wthout  the  introduction  of  any  enzyme. 

An  organism  may  be  caused  to  absorb  more  oxygen  by  any  one  of  a 
number  of  different  stimuli.  But  what  is  stimulation?  What  is  the  first 
change  induced  in  the  organism  or  excised  organ  by  all  stimuli? 

Pfeflfer  showed  that  stimulation  of  sensitive  plants  causes  a  change  in 
permeability  of  certain  cells  (of  the  pulvinus).  This  change  in  permeability 
causes  a  change  in  turgor  (internal  osmotic  pressure)  and  movement  results. 
The  question  arises:  what  relation  does  this  bear  to  oxidation?  According 
to  Ralph  Lillie  oxidation  is  suppressed  in  the  cell  by  the  accumulation  of 
waste  products  to  which  the  resting  cell  is  impermeable.  Stimulation 
increases  the  permeability  of  the  cell  to  them  and  consequently  oxidation 
is  increased.  Lillie  maintained  that  on  fertilization  the  egg  became  more 
permeable,  and  linked  all  subsequent  phenomena  with  this  change.  Not 
finding  any  other  explanation  of  the  stimulating  action  of  the  sperm,  I 
attempted  an  exact  study  of  the  permeability  of  the  egg, 

EXPERIMENTAL. 

Three  methods  of  procedure  were  followed :  (i)  the  use  of  cell  masses  as 
partitions  (on  eggs  of  Lytechinus);  (2)  the  use  of  quantities  of  eggs  sus- 
pended in  a  liquid  medium  (on  eggs  of  Fundulus);  (3)  experiments  on 
individual  eggs  (of  Arhacia). 
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The  first  of  these  methods  was  tried  at  the  Tortugas  laboratory  on  the 
eggs  of  the  sea-urchin  Lytechinus  (Toxopneustes)  variegatus.  Advantage 
was  taken  of  the  fact  that  the  electrolytes  of  the  egga  and  the  medium 
dissociate  into  ions  which  bear  electric  charges,  and  therefore  their  move- 
ment through  the  eggs  could  be  detected,  with  a  high  degree  of  accuracy, 
by  the  electric  conductivity  method  of  Kohlrausch.^ 

Several  bushels  of  sea-urchins  were  collected  each  day  and  the  eggs  of 
the  ripe  females  placed  in  large  dishes  of  sea-water.      The  mucus  egg 
membranes  Qellyi  zona  pelludda)  were  washed  off  and  the  eggs  were  intro- 
duced into  a  conductivity  vessel  made  especially  for  the  purpose 
(fig.  i).    The  conductivity  vessel  was  placed  in  the  centrifuge 
and  the  eggs  were  precipitated  until  they  were  closely  packed 
together.    By  microscopic  examination  it  was  found  that  only  a 
trace  of  sea-water  was  left  in  the  spaces  between  the  eggs  (fig.  2), 
By  raising  the  electrodes  above  the  level  of  the  eggs  they  came 
to  lie  in  the  supernatant  sea-water  that  had  been  pressed  out 
from  between  the  eggs.      In  this  way  the  conductivity  of  sea- 
water  and  egg-mass  could  be  measured  separately  vathin  two 
minutes.    The  conductivity  of  the  egg-mass,  when  moderately 
centrifuged,  was  about  one-twentieth  of  that  of  the  sea-water,  in- 
dicating  that  the  conductivity  of  the  egg  itself  must  be  almost  nil. 
The  conductivity  of  the  egg-mass  was  greatly  affected  by  the 
degree  of  packing.    However,  the  vessel  was 
so  long  and  narrow  that  the  packing  of  the 
eggs  could  be  recorded  accurately  by  mark- 
ing their  upper  limit  on  the  side  of  the  vessel 
(fig.  I ,  a) .    The  eggs  could  then  be  removed 
from  the  conductivity  vessel,  replaced,  and 
centrifuged  to  the  same  level,  when  the  con- 
ductivity was  found  to  be  the  same.    In  this 
Fig.  I.  Fig.  2.  way  I  was  able  to  measure  the  conductivity 

before  and  after  fertilization  and  before  and 
after  artificial  stimulation  causing  cleavage.  It  was  found  that  the  conduc- 
tivity increased  about  one-fourth  when  the  developmental  processes  began. 
The  sources  of  error  and  methods  of  controlling  them  are  discussed  in  another 
paper.* 

One  point,  however,  the  elimination  of  the  fertilization  membrane,  needs 
further  consideration.  Soon  after  the  egg  is  fertilized,  a  fine  line  appears 
close  around  it  and  gradually  expands  until  it  forms  a  circle,  widely  separated 
from  the  egg.  Almost  every  one  (except  Kite)  supposes  this  to  represent 
a  spherical  membrane,  the  "fertilization  membrane."  Before  fertilization 
the  egg  is  covered  by  a  thick  transparent  jelly  or  mucus  layer,  called  the 
chorion  or  zona  pellucida  by  some  authors.  I  stained  this  jelly  wth  basic 
dyes  (neutral  red  and  methylene  blue).  These  dyes  coagulate  the  jelly, 
causing  It  to  become  membranous.  


>  Oatwald-Luther.    Mesmmgeii.  *  McClendon.    Amer.  Jour.  Pfaytlol.,  vol.  27,  p.  940. 
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Fig.  3. 

in  these  experiments  all  toxic  substances  were  eliminated  from  the  water  by  redistilling 
it  in  the  apparatus  shown  in  figure  3.  The  stock  bottle  (to  the  left)  is  filled  with  distilled 
water,  which  siphons  over  into  the  beaker  and  keeps  the  latter  filled  up  to  the  mouth  of  the 
wide  tube.  A  small  flame  under  the  beaker  boils  the  water  and  drives  out  all  dissolved  gases 
(since  the  water  contains  no  salts  to  hold  back  COi,  and  no  non-volatile  substances  to 
liberate  anunonia).  The  boiling  water  from  the  beaker  siphons  over  into  the  Kjeldahl 
flask  over  a  large  flame.  If  the  siphon  be  drawn  out  into  a  fairly  small  opening  the  Kjeldahl 
flask  may  be  set  lower  than  the  beaker,  as  in  the  figure;  but  thb  has  the  disadvantage  that 
when  the  still  is  cooled  the  Kjeldahl  flask  fills  up  to  the  neck  and  makes  it  inconvenient 
to  start  again.  The  siphon  has  a  bulb  blown  on  it  at  a,  to  stop  the  mouth  of  the  flask. 
It  is  not  necessary  that  this  stopper  be  ground  in,  provided  it  fits  fairly  snug,  as  water 
condenses  on  the  stopper  and  seals  the  crack.  A  hole  is  blown  in  the  side  of  the  neck  of 
the  flask  to  admit  the  condensing  tube.  This  hole  may  be  reamed  out  with  the  end  of  the 
tube  itself,  while  the  glass  is  hot,  to  insure  a  fairly  close  fit.  The  condensing  tube  is  of 
fused  quartz  and  the  only  water  that  collects  in  the  receiving  bottle  is  condensed  on  the 
quartz.  The  cold  water  dissolves  glass  very  slowly,  so  that  it  is  permissible  to  use  a  glass 
receiving  bottle  if  the  water  is  distilled  fresh  each  day.  Hard  glass  (Jena  or  Bohemian) 
dissolves  more  slowly  but  contains  heavy  metals  which  are  toxic  even  in  the  minute  quanti- 
ties that  dissolve  away  in  the  cold  distilled  water,  even  though  the  glass  be  previously 
steamed  out.  Soft  glass  liberates  traces  of  sodium,  calcium,  and  potassium,  which  render 
the  water  less  toxic,  but  which,  if  present  in  suflicient  quantity,  may  be  a  source  of  error 
in  the  experiment. 

In  a  previous  paper^  I  concluded  that  the  fertilization  membrane  is  the 
result  of  a  mutual  coagulation  and  precipitation  between  the  jelly  and 
another  transparent  colloid  filling  the  space  between  it  and  the  egg.  I 
found  that  if  the  jelly  be  removed  from  the  egg  no  fertilization  membrane 
can  be  formed.  Elder*  subsequently  made  the  same  observation  and  came 
to  the  same  conclusion.     No  matter  what  is  the  nature  of  the  membrane, 

'  McClendon.   Sdence,  vol.  33i  P*  387*  Mar.  10. 1911.    *  Arch.  f.  Entwicklungmech..  vol.  33.  p.  143,  1913. 
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the  fact  that  it  can  be  suppressed  is  of  importance  in  my  technique,  since 
the  presence  of  the  membrane  might  be  considered  as  a  source  of  error. 

The  increased  conductivity  of  the  eggs  indicates  increased  permeability 
to  electrically  charged  particles,  since  electrons  can  not  pass  in  the  free  state 
through  solutions  without  very  soon  attaching  themselves  to  atoms.  The 
particles  concerned  must  be  ions,  since  colloidal  particles  move  slowly  and 
carry  little  electricity  per  unit  mass,  and  could  hardly  cause  the  great  in- 
crease in  conductivity  observed. 

This  increase  in  permeability  was  confirmed  by  plasmolytic  experiments 
on  the  eggs  of  Arbacia  at  Woods  Hole. 

What  ions  are  concerned  in  the  increase  in  permeability  has  not  been 
determined.  Experiments  which  I  made  on  the  Fundidus  egg  are  sugges- 
tive.* Fundulus  eggs  (which  normally  develop  in  sea-water),  when  develop- 
ing in  distilled  water,  do  not  give  up  chlorides  to  the  water.  If  placed  in 
sulphates  or  nitrates  of  sea-water  metals,  they  still  do  not  give  up  chlorides. 
If  placed  in  distilled  water  they  do  not  give  up  magnesium  (or  calcium). 
But  if  placed  in  sodium  salts  they  lose  magnesium  (and  probably  calcium 
and  potassium),  and  chlorine,  because  the  pure  sodium  increases  the 
permeability. 

A  critical  review  of  the  literature  on  permeability  is  given  in  a  previous 
paper*  but  I  shall  here  refer  to  some  of  it  briefly.  In  the  summer  of  1910 
R.  Lillie,  Lyon  and  Shackell,  E.  N.  Harvey,  and  the  author,  all  working  on 
the  sea-urchin's  egg,  had  come  to  the  conclusion  that  its  permeability 
increased  on  fertilization.  Very  shortly  there  appeared  a  paper  by  Loeb'  in 
which  he  made  this  statement: 

In  former  papers,  especially  in  a  book  published  a  year  ago,  I  pointed  out  that  the 
process  of  membrane  formation,  or  a  certain  alteration  of  the  surface  of  the  egg,  is  the 
essential  cause  of  the  development  of  the  egg;  and  I  pointed  out,  also,  that  this  alteration 
of  the  surface  might  increase  the  permeability  of  the  egg,  especially  for  hydroxyl  ions. 

I  have  found  one  such  paper,*  but  it  was  directed  against  the  view  that 
the  cell  is  impermeable  to  electrolytes,  and  gave  evidence  to  show  that  the 
egg  is  more  permeable  to  salts  than  to  sugar.  In  the  book  referred  to* 
Chapter  xiii  deals  largely  wth  permeability  and  ends  with  the  following 
conclusion  (on  page  118): 

Wir  konmien  also  zu  dem  Schluss,  dass  die  Hydroxyloinen  des  Seewassers  auch  in  das 
unbefruchtete  £i  diff undieren,  und  dass  die  Membranbildung  des  Oxydationen  im  Ei  nicht 
dadurch  steigert,  dass  sie  die  Durchg&ngigkeit  desselben  fflr  Hydroxylionen  erh5ht,  sondem 
dass  sie  die  fttr  die  Entwicklung  n(5tigen  Oxidationen  auf  anderem  Wege  entfesselt  oder 
mdglich  macht. 

If  Loeb  has  found  evidence  that  the  permeability  of  the  egg  increases  on 
fertilization,  or  fatty  acid  treatment,  I  would  be  very  glad  to  have  my 

>  Amer.  Jour.  Physiol..  voL  29*  P*  a95t  Appendix  II. 
sMcClendon.    Biol.  Bull.,  vol.  aa.  p.  zi3*    I9i3. 

•  Loeb.  J.    Sdence,  n.  s..  vol.  33.  p.  41a.    Stpt.  as.  1910. 

«Loeb.    Univ.  of  California  Publications.  Physiol.,  vol.  3.  No.  11.  p.  81.    1908. 

*  Loeb.    Die  Chemische  Entwiddungserregung  des  tierischen  Eies.    BerUn.    1909. 
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attention  called  to  it,  but  it  is  difficult  to  find  a  paper  without  a  reference  to 
the  journal  in  which  it  is  published. 

The  degree  of  permeability  is  of  importance  in  development.  R.  Lillie 
maintains  that  too  great  an  increase  in  permeability  causes  cytolysis  of  the 
egg.  Gray*  attempts  to  explain  the  abnormality  of  Echinoderm  hybrids 
by  assuming  that  the  foreign  sperm  produces  the  wrong  degree  of  perme- 
ability and  this  leads  to  some  of  the  chromatin  becoming  pathological  and 
being  thrown  out  of  the  spindle. 

The  changes  in  permeability  are  probably  due  to  changes  in  the  aggre- 
gation state  of  colloids:  either  proteids,  lipoids,  or  proteid-lipoid  combina- 
tions or  associations.  Many  investigators  have  looked  for  such  changes 
with  the  microscope.  That  some  change  takes  place  at  the  surface  of  the 
egg  on  fertilization  has  long  been  known,  but  opinions  differ  as  to  its  exact 
nature.  Spherical  concentric  surfaces,  when  viewed  tangentially  wth  the 
microscope,  cause  optical  illusions,  and  the  real  structure  can  not  be  exactly 
determined  without  knowledge  of  the  refractive  indices  of  the  substances 
composing  it.  Kite,  however,  claims  that  a  thin  layer  may  be  observed  on 
the  surface  of  the  unfertilized  egg  and,  on  fertilization,  this  layer  absorbs 
water  and  swells.  He  claims  to  have  stained  it  differentially.'  I  do  not 
understand,  however,  his  observations  on  unstained  eggs.  He  says  that 
this  layer  i^hich  he  calls  the  vitelline  membrane  becomes  more  distinct 
(of  different  refractive  index)  from  the  sea-water  on  swelling,  whereas  it  is 
well  known  that  all  hydrophile  colloids,  on  swelling,  become  less  distinct 
and  more  nearly  of  the  same  refractive  index  as  the  medium. 

The  swelling  of  this  layer  might  cause  an  increase  in  permeability,  since 
the  swelling  of  all  hydrophile  colloids  increases  their  permeability  to  water- 
soluble  substances.  Lillie,  however,  believes  that  a  reversible  increase  in 
permeability  takes  place  in  the  superficial  layer  of  the  cytoplasm  (plasma 
membrane)  and  J.  Gray  who  has  confirmed  my  determination  of  the  in- 
crease in  permeability  of  the  egg  finds  that  impermeability  returns  in  15 
minutes,  whereas  Kite's  vitelline  membrane  remains  swollen.  I  consider 
Kite's  vitelline  membrane  a  new  name  for  a  colloid  postulated  by  Loeb. 

Mitchell  and  the  author*  studied  experimentally  the  role  of  hydroxyl 
ions  in  the  increase  in  oxidation  of  sea-urchin's  eggs,  which  follows  fertili- 
zation or  artificial  stimulation.  We  concluded  that  the  increased  perme- 
ability allows  the  hydroxyl  ions  of  the  sea-water  to  penetrate  the  egg.  This 
increase  in  hydroxyl  ions  within  the  egg  might  increase  oxidation. 

CX)NCLUSIONS. 
The  permeability  of  the  egg  to  ions  and  perhaps  some  other  substances 
increases  on  fertilization.    The  unfertilized  egg  is  perhaps  in  a  dormant 
condition  and  the  increase  in  permeability  probably  allows  a  rapid  inter- 
change with  the  surrounding  medium  necessary  for  activity  (development). 

>  day,  J.    Proceedings  of  the  Cambridge  PhUoaophicai  Society,  vol.  17.  p.  1. 1913. 
s  Kite.    Science,  n.  •.,  vol.  36,  p.  562.    1912. 
*  Jour.  Biol.  Chem.,  vol.  10.  p.  459. 
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Whereas  this  supposed  significance  of  permeability  has  not  been  proven, 
the  sea-urchin's  egg  is  not  an  exception.  Spores,  eggs,  seeds,  and  pupae  are 
usually  inclosed  in  relatively  impermeable  membranes.  A  striking  example 
is  the  cocoa  nut.  Whereas  an  active  organism  may  be  partly  inclosed  in  a 
relatively  impermeable  skin,  great  activity  is  always  associated  with  a  rapid 
interchange  with  the  medium,  and  this  is  possible  through  more  permeable 
portions  (lungs,  gills,  kidneys,  gut). 

The  relation  of  permeability  to  oxidation  can  hardly  be  determined 
until  more  is  known  about  the  mechanism  of  animal  oxidations.  These  seem 
to  depend  on  structure  since  complete  oxidations  cease  when  structure  is 
completely  destroyed.  Reference  is  made  only  to  oxidations  resulting  in  the 
formation  of  CO.2  Oxidizing  enzymes  such  as  tyrosinase,  which  are  inde- 
pendent of  structure,  do  not  completely  oxidize  the  substances  acted  on. 
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THE  RELATION  BETWEEN  THE  RATE  OF  PENETRATION  OF  MARINE 

TISSUES  BY  ALKALI  AND  THE  CHANGE  IN  FUNCTIONAL 

ACTIVITY  INDUCED  BY  THE  ALKALI. 


By  E.  Newton  Harvby. 


OBJECT  AND  METHOD. 

The  present  study,  made  at  Tortugas  in  the  summer  of  191 1,  is  a  con- 
tinuation of  permeability  investigations  undertaken  at  Columbia  Univer- 
sity in  1910  to  191 1.*  My  aim  has  been  twofold.  First,  to  compare  the 
permeability  of  the  cells  and  tissues  of  salt-water  organisms  with  those  of 
fresh-water  forms.  Second,  to  determine  the  relation  between  the  rate  of 
penetration  of  the  alkali  and  the  appearance  of  structural  or  functional 
changes  in  the  cell.  Rate  of  penetration  of  the  alkali  may  be  best  deter- 
mined by  the  color  change  of  some  indicator  within  the  cell.  As  in  previous 
work,  neutral  red  was  used  for  the  purpose.  It  is  non-toxic,  readily  staining 
the  living  cell,  and  the  color  change  (of  red  in  acid  or  neutral  to  yellow  in 
alkaline  solution)  is  sharp  and  well  marked. 

Neutral  red  was  first  made  use  of  as  an  indicator  in  studying  perme- 
ability by  Bethe.*  Medusae  stained  in  the  dye  become  a  deep  orange-red, 
which  changes  to  bright  red  in  HCl  and  to  yellow  in  NaOH. 

Warburg*  found  that  sea-urchin  eggs  stained  in  neutral  red  were  entered 
readily  by  NH4OH  but  not  by  NaOH.  My  own  experiments*  gave  similar 
results  for  another  species  of  sea-urchin  {Toxopneustes  variegatus)  and  for 
ParanuBcium,  Elodea,  and  Spirogyra  cells. 

The  penetration  of  the  following  alkalies  was  studied : 

I.  Weakly  Dissociated:  2.  Strongly  Dissociated: 

Ammonia — NH4OH  Tetraethylammonium  hydroxide — 

Methylamine— NH,CH,OH  N(CJH,)iOH 

Dimethylamine—NHt(CHi)tOH  Sodium  hydroxide— NaOH 

Trimethylamine— NH(CHi)«OH  Potassium  hydroxide— KOH 

Ethylamine— NHiCiHjOH  Strontium  hydroxide— Sr(OH)t 
Normal  propylamine— NHiCjHjCHiOH 
Isopropylamine— NH,(CH,),CHOH 

The  addition  of  the  stronger  alkalies  to  sea-water  precipitates  the  Mg 
so  that  a  Mg-free  sea-water  containing  0.625  n^«  (100  NaCl  +  2.2  KCl  -H 
2.5  CaCls)  was  used  to  dissolve  the  alkali.  Such  a  solution  is  a  fairly  well- 
balanced  medium  for  marine  tissues,  being  only  slightly  inferior  to  van't 
Hoff's  solution.  The  salt  present  in  solution  with  the  alkali  affects  also 
the  rate  of  entrance  of  the  latter,  so  that  it  is  important  to  use  always  the 

1  Hanrey.  B.  N.    Jour.  Exp.  Zool..  vol.  lo,  p.  507.    191 1* 
>  Bethe.    Pfluger's  Archiv.  vol.  la?.  P*  219.    1909* 
»  Warburg,  O.    Zdt.  f .  Phyalol.  Chem.,  vol.  66.  p.  305.    X9io. 
« Harvey,  E.N.    Loc.  dt. 
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same  type  of  salt  solution  for  comparative  results.    As  stated  above,  Mg- 
free  sea-water  of  0.6  m.  concentration  was  employed. 

The  magnitude  of  the  difference  between  pure  NaCl  and  a  balanced 
medium  is  brought  out  in  table  i. 

Table  i. 


Egg. 

O>ncentration 
of  NaOH. 

C:ok>r 
change  in 
Mg-fiee 

aea-water. 

Color 

diange  in 

0.6  m. 

NaCl. 

N/ioo 

N/80 

N/So 

min. 
10  to  13 

13 

6 

min. 
5 
5 

I 

Palolo-worm  (Eunice  f  ucata) 

Hoiothuria  floridana.  (immature) 

PART  I.  THE  PERMEABILITY  OF  MARINE  TISSUES. 

PENETRATION  RATE  AND  DEGREE  OF  DISSOCIATION. 

Just  as  in  the  case  of  fresh-water  organisms  {ParanuBcium^  Spirogyra, 
Elodea),  the  weakly-dissodated  alkalies  (group  i)  penetrate  marine  tissues 
almost  instantly,  the  strongly  dissociated  only  after  an  interval  of  30  to  60 
minutes.  This  statement  applies  to  all  the  cells  or  tissues  of  salt-water 
organisms  investigated,  including  the  following: 


Hoiothuria  fioridanat  immature  eggs. 
Hoiothuria  floridana^  respiratory  tree. 
Hipponoi  esculenta,  mature  eggs. 
Toxopneustei  variegatus,  mature  eggs. 
Toxopneustes  variefotuSt  plutei. 
SabeUa  sp.,  tentacles. 


Eunice  f ucata  (palolo-worm),  segmenting  eggs. 
Eunice  f ucata  (palolo-worm),  trochophores. 
Pomatostegus  stellatus,  mature  eggs. 
Cassiopea  xamachana,  gonads. 
Cassiopea  xamachana,  subumbrella  epithelium* 
Two  unidentified  species  of  marine  algae. 

Thus,  the  anomalous  result  again  appears — that  it  is  the  least  dissoci- 
ated, the  weakest  group  of  alkalies,  which  penetrate  living  cells  most 
rapidly.  Two  of  the  members  of  this  group  are  considerably  less  dissoci- 
ated than  the  rest — ^ammonia  and  trimethylamine.  We  might  expect  them 
to  penetrate  most  rapidly  of  all  if  rate  of  penetration  bears  an  inverse  relation 
to  degree  of  dissociation.  There  is,  however,  no  marked  diflference  in  pene- 
tration rate  between  ammonia  or  trimethylamine  and  the  other  amines,* 
but  a  well-defined  diflference  in  toxicity. 

TOXICITY  AND  DEGREE  OF  DISSOCIATION. 

The  lower  toxicity  of  ammonia  and  trimethylamine  is  indicated  in 
table  2.  EflSciency  in  preventing  development  of  the  sea-urchin's  egg  and 
cytolytic  action  were  taken  as  criteria  of  toxicity.  In  addition  to  ammonia 
and  the  amines,  tetraethylammonium  hydroxide  was  also  studied.  Al- 
though a  substituted  ammonia,  it  is  strongly  dissociated,  ranking  with 
the  inorganic  alkalies,  and  in  table  2  it  may  thus  serve  as  a  representative 
of  the  inorganic  alkalies.  The  unfertilized  eggs  were  placed  in  the  solution, 
and  a  certain  number  removed  to  sea-water  after  intervals  of  2  and  5  minutes 
and  fertilfeed.     " 

I  Ammonia  and  the  amines  enter  cells  so  rapidly  that  it  is  impossible  to  detect  constant  diflferences  in  pene- 
tration  rate. 
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Table  2. — Effect  of  ammonia,  amines,  and  telraethylammonium  hydroxide  on  toxopneustes 

eggs,  stained  in  neutral  red. 


Solution  of  alkali  in 

Mg-free  aea-water 

N /3SO-concentration. 


NHiOH 

Methylamine. . . 
Dimethylamine. 
Tiimethylamine, 

Ethylamine 

Propylamine.... 
Isopropylamine . 


Tetraethylammo- 
nium  hydroxide. 


Color  change 
of  red  to 
jrellow. 


Instantly 

Instantly 
Instantly 
Instantly 

Instantly 
Instantly 
Instantly 


Not  srellow 
after  3  hours. 


Effect  of  solution 

on  egg  after  3 

hours. 


Irregular  fragmen- 
tation and  glo- 
bule formation. 

Clear  cytolysis — 

Clear  csrtolysis.... 

Irregular  fragmen- 
tation  and  glo- 
bule formation. 

Clear  cytolysis.. . . 

Clear  cytobrsis. . . . 
Clear  cytoljrsis 


Many  red  eggs,  and 
some  fragments. 


Condition  of  eggs  re- 
moved to  sea-water 
after  a  minutes  and 
fertilized.    Examined 
after  3  hours. 


Segmentation;  some  ir- 
regular. 

Irregular  segmentation. 

Irregular  segmentation. 

Segmentation;  some  ir- 
regular. 

Irregular  segmentation. 

Irregular  segmentation. 

Irregular  segmentation. 


Irregular  segmentation; 
red  in  color. 


Condition  of  eggs  re- 
moved to  sea-water 
after  5  minutes  and 

fertilized.  Rgam^nfil 
after  3  hours. 


Many  irregular  seg- 
mentations. 

Unsegmented  eggs;  a 
few  fragments. 

Unsegmented  eggs;  a 
few  fragments. 

Many  irregular  seg- 
mentations. 

Unsegmented  eggs  and 
fragments. 

Unsegmented  eggs  and 
fragments. 

Unsegmented  eggs; 
some  irregular  seg- 
mentations. 

Irregular  segmenta- 
tions; red  in  color. 


I.  Control    fertilized  in  Mg-free  sea-water — red.  segmentations  normal. 
II.  Control — unfertilized  in  Mg-free  sea-water— red,  unsegmented,  normal. 

It  will  be  noticed  that  eggs  are  not  cytolyzed  after  3  hours  immersion 
in  N/250  NH4OH,  NH(CH,),OH,  and  N(C,H5)40H  (column  3)  and  after 
5  minutes  immersion  are  still  capable  of  fertilization  (column  5);  whereas 
the  opposite  is  true  of  the  remaining  alkalies  of  table  2.  N(C2Hj)40H,  most 
highly  dissociated  of  all,  is  no  more  toxic  than  NH4OH,  least  dissociated  of 
all.  The  explanation  of  the  difference  must  lie  in  the  penetrating  powers 
of  the  two  alkalies.  N(C2H5)40H  can  not  penetrate  the  egg-surface  and 
is  consequently  less  toxic  than  NH4OH,  which  readily  penetrates.  Pene- 
tration is  of  first  importance  in  determining  toxicity.  If  the  alkali  pene- 
trates readily,  then  degree  of  dissociation  is  a  further  factor  in  determining 
toxicity.  Those  weak  (ammonia  and  trimethylamine)  alkalies  which  are 
least  dissociated  are  least  toxic. 

The  same  fact  appears  when  other  cells  are  tested;  for  if  segmenting 
palolo  eggs  {Eunice  fucata)  are  placed  in  N/250  solutions  of  NH4OH  and  the 
amines  for  two  minutes,  and  then  returned  to  sea-water,  only  those  eggs 
develop  into  swimming  larvae  which  have  been  immersed  in  trimethylamine 
and  ammonia.  Eggs  exposed  to  the  remaining  amines  are  for  the  most  part 
killed;  only  a  few  larvae  develop. 

GENERAL  CONSIDERATIONS. 

On  being  returned  to  sea-water  the  palolo  eggs  which  have  been  turned 
yellow  by  immersion  in  the  weak  alkalies  again  become  red  in  color.  The 
return  of  color  is  much  more  rapid  in  ammonia  and  trimethylamine  than  in 
the  remaining  amines.  The  explanation  of  this  phenomenon  lies  in  the  lesser 
degree  of  dissociation  of  the  former  substances.  Neutral  red  occurs  in  the 
egg  in  small  granules,  a  combination  between  the  neutral  red  base  (BOH) 
and  some  organic  substance  having  acid  properties  (HA) ,  forming  a  salt  (BA). 

BOH  +  HA  =  BA  +  H2O 
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This  red  salt  BA  is  broken  up  by  NH4OH  (or  any  other  alkali),  neutral 
red  (BOH)  is  freed,  and  a  compound  NH4A  is  formed.  The  weaker  the 
alkali  the  greater  will  be  the  hydrolytic  splitting  which  its  salt,  NH4A,  will 
undergo. 

NH4A  +  H,0  =  NH4OH  +  HA 

The  NH^OH  will  diflfuse  away  more  rapidly  than  a  stronger  base,  such 
as  methylamine,  and  recombination  of  HA  and  BOH  will  consequently 
occur  more  rapidly  with  the  reappearance  of  the  red  color. 

The  results  with  marine  organisms  agree  in  general  with  those  obtained 
on  fresh-water  forms.  One  point  of  diflference  is  worthy  of  mention. 
Ammonia  and  trimethylamine  were  found  to  be  less  toxic  than  the  remaining 
amines  for  Elodea  cells,  just  as  in  the  case  of  marine  forms;  but  while 
ammonia  was  less  toxic,  trimethylamine  was  ranked  with  the  remaining 
amines,  not  with  ammonia,  for  ParanuBcium,  I  am  unable  to  explain  this 
diflference.  It  is  possible  that  my  result  with  trimethylamine  and  Para- 
nuBcium  may  be  due  to  some  unforeseen  experimental  error.  In  other 
respects  the  results  agree  entirely. 

The  eflfect  of  alkalies  on  living  tissues  in  general  may  be  represented  as 
follows: 


strongly  diwodatcd  Inorganic  al- 

More  strongly  dissociated  of  the 
weak  alkalies.  Amines  (except  tri- 
methylamine). 

Less  strongly  dissociated  weak  al- 
kalies. Ammonia  and  trimethyl- 
amine. 

Penetratlon  very  slow. 
Least  toxic. 

Penetration  very  rapid. 
Most  toxic. 

Penetration  very  rapid. 
Less  toxic. 
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PART  IL  PERMEABILITY  AND  FUNCTIONAL  CHANGE. 

THEORETICAL 

Two  quite  opposite  points  of  view  have  been  taken  by  physiologists  in 
regard  to  the  relative  importance  of  the  permeability  of  cells.  Some  regard 
the  cell-surface  as  of  no  consequence  in  regulating  cell  processes,  being  freely 
permeable  at  all  times  to  crystalloidal  substances  in  the  medium  or  in  the 
cell.  Others  see  in  the  surface  an  important  regulator  of  chemical  reactions 
in  the  cell  and  a  barrier  of  a  high  degree  of  impermeability,  retaining  cell 
constituents  as  a  test-tube  retains  the  substances  reacting  within  its  walls. 
Theoretically,  no  more  simple  method  of  regulating  the  velocity  of  chemical 
reactions  could  be  found  than  by  means  of  a  membrane  whose  permeability 
to  the  reaction  product  might  vary.  Actually,  there  is  a  large  mass  of 
evidence  indicating  that  the  cell-surface  is  a  highly  impermeable  membrane 
for  substances  normally  occurring  in  or  used  by  cells.  The  evidence  has 
been  advanced  in  numerous  papers  by  Lillie*  and  Hoeber^  and  need  not  be 
discussed  here. 

Crucial  evidence  has  only  recently  been  put  forward  that  the  cell-surface 
(particularly  its  permeability)  plays  an  important  part  in  cell  activities — 
that  it  may  vary  at  different  periods  of  activity  and  in  the  presence  of 
definite  substances. 

The  evidence  may  be  classified  under  three  heads: 

1.  Measurements  of  permeability  changes  induced  by  narcotics,  anaes- 

thetics, and  salts  or  other  substances  which  affect  cell  activities. 

2.  Measurements  of  permeability  during  different  states  of  functional 

activity. 

3.  Determinations  of  the  rate  of  penetration  of  a  substance  and  rate  of 

change  in  functional  activity  induced  by  the  substance. 

PERMEABILITY  CHANGE  THROUGH  CHEMICALS. 

Of  particular  interest  here  is  the  experiment  of  Osterhaut,*  in  which  it 
is  shown  most  clearly  by  the  plasmolytic  method  that  the  plasma  membrane 
possesses  greatest  impermeability  to  salts  in  a  balanced  medium  or  in  the 
medium  which  most  nearly  approaches  that  of  the  normal.  Pure  NaCl  or 
pure  CaClj  both  enter  Spirogyra  cells  or  marine  algae  slowly,  the  latter  more 
slowly  than  the  former;  but  if  the  two  are  mixed  in  the  proportions  of  a 
balanced  solution,  they  mutually  retard  each  other's  entrance.  The  NaCl, 
alone  in  solution,  must  increase  the  permeability  of  the  plasma  membrane 
to  such  an  extent  that  its  entrance  is  greatly  facilitated. 

Osterhaut*  has  recently  confirmed  his  results,  mentioned  above,  by  the 
electrical  conductivity  method  of  measuring  permeability.  Disks  cut  from 
the  kelp,  Laminaria,  were  placed  face  to  face  so  as  to  form  a  cylinder  several 
centimeters  long,  and  its  conductivity  was  measured.  In  NaCl  the  con- 
ductivity of  the  cylinder  was  found  to  increase  regularly  (as  compared  with 

•  LiUie,  R.  S.   Amer.  Jour.  FbytkH,,  vol.  24,  p.  14.    1909;  vol.  28,  p.  197*    i9ii*   Alao  BioL  Bull.,  27*  192. 

f  Hoeber.  R.    P^isikalische  Chemie  der  Zelle  uod  Gewebe..  3d  Aufl.    19x1. 

•  Osterhaut.  W.  J.  V.    Science,  n.  8.,  vol.  34.  P*  1S7.    X9xi. 

•  Osterhaut.  W.  J.  V.    Science,  n.  s.,  vol.  35.  p.  112.    19x2. 


Digitized  by 


Google 


138  Papers  from  the  Marine  Biological  Laboratory  ai  Torlugas. 

its  value  in  sea-water),  while  in  CaCU  or  lanthanum  chloride  the  con- 
ductivity decreased.  Under  the  conditions  of  the  experiment,  increase 
or  decrease  in  conductivity  denotes  a  corresponding  increase  or  decrease 
in  permeability.  The  changes  in  permeability  induced  by  NaCl,  CaClj,  or 
LaCls  are  readily  reversible  within  certain  limits  on  returning  the  tissue  to 
sea-water. 

My  own  experiments,  cited  above,  indicate  that  NaOH  may  enter  many 
kinds  of  eggs  much  more  readily  when  dissolved  in  0.6  m.  NaCl  than  in 
0.625  m.  Mg-free  sea-water.  The  pure  NaCl  evidently  decreases  the 
resistance***  of  the  egg-surface  for  NaOH. 

The  surface  of  Elodea  and  Spirogyra  cells  is  likewise  affected  by  minute 
traces  of  substances  in  solution.  For  instance,  N/40  NaOH  dissolved  in 
tap-water  entered  Spirogyra  in  about  40  minutes;  dissolved  in  double  dis- 
tilled water,  condensed  in  soft  glass," in  about  10  minutes;  and  dissolved  in 
N/io  NaCl,  instantly.  Again  the  resistance  of  the  surface  is  greatest  in  the 
medium  most  nearly  normal.  Addition  of  CaClj  to  the  NaCl  prevents  so 
rapid  penetration  of  NaOH." 

Anaesthetics  give  similar  results  with  Elodea  cells.  Chloroform  added 
to  N/40  NaOH  to  1/6  saturation  increases  the  penetration  rate  from  90 
to  13  minutes.  The  protoplasmic  rotation  characteristic  of  the  Elodea  cells 
ceases  in  1/6  saturated  chloroform,  but  the  effects  of  the  chloroform  are 
completely  reversible,  for,  on  removing  the  leaves  again  to  pure  water, 
rotation  promptly  begins.    Alcohol  and  ether  act  in  a  similar  manner. 

That  chloroform  increases  permeability  in  1/6  saturated  solution  may 
be  verified  by  the  plasmolytic  method.  Such  "reversibly"  chloroformed 
cells  are  plasmolyzed  by  urea  much  less  readily  than  normal  cells,  a  result 
indicating  that  the  urea  enters  more  rapidly." 

On  the  other  hand,  Lillie"  cites  evidence  to  show  that  very  small  con- 
centrations of  anaesthetics  decrease  permeability. 

PERMEABILITY  AND  FUNCTIONAL  ACTIVITY. 

Lillie"  has  advanced  evidence  showing  that  stimulation  of  muscle-tissue 
is  accompanied  by  an  increase  in  permeability  of  the  tissue.  Those  sodium 
salts  which  are  most  effective  in  stimulation  are  most  effective  in  causing  the 
loss  of  pigment  from  the  tissues  of  Arenicola  larvae.  Loss  of  pigment  indi- 
cates increased  permeability  to  pigment.  The  same  is  true  as  regards 
artificial  parthenogenesis.  These  salts  most  effective  in  stimulating  devel- 
opment cause  most  rapid  loss  of  pigment  from  the  eggs  (Arbacia) ;"  they  are 
also  most  toxic;  in  them  death  of  the  egg  ensues  most  rapidly.  It  has  long 
been  known  that  the  condition  of  death  is  one  characterized  by  marked 
increase  in  permeability.  The  change  on  stimulation  is  in  the  direction  of 
that  accompanying  death. 

^  The  word  resistance  is  used  instead  of  permeat>ility  to  indicate  tliat  the  cell  is  normally  impermeable  to 

NaOH  which  only  enters  after  affecting  the  cell-surface, 
u  Such  water  is  perfectly  harmless  for  both  Spirogyra  and  Paramadum,  a  good  test  of  the  purity  of  a  water. 
"  Harvey.  E.  N.    Loc.  dt..  p.  S40. 
"  Harvey,  E.  N.    Loc.  dt.,  p.  539. 

M  Lillle.  R.  S.    Amer.  Jour.  Physbl.,  vol.  29.  P.  373t  I9X3;  vol.  30,  p.  i,  1912. 
u  LilUe,  R.  S.    Amer.  Jour.  FhytioU  vol.  24.  p.  14.    1909. 
>*  Lillie,  R.  S.    Amer.  Jour.  Physiol.,  vol.  26,  p.  106.    19x0. 
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Further  evidence  that  the  egg  increases  in  permeability  immediately 
after  fertilization  is  furnished  by  McClendon.*'  He  found  that  the  elec- 
trical conductivity  of  the  sea-urchin  egg  is  increased  after  fertilization,  thus 
showing  that  its  permeability  is  increased. 

A  similar  result  may  be  obtained  by  the  plasmolytic  method.*^  Fertilized 
eggs  are  plasmolyzed  more  readily  than  unfertilized  by  a  molecular  solution 
of  cane  sugar.  This  is  due  to  the  fact  that  the  salts  diffuse  out  of  fertilized 
eggs  more  rapidly,  the  osmotic  pressure  within  falls  more  rapidly,  and  plas- 
molysis  occurs  more  readily. 

Yet  another  fact  indicates  that  the  surface  of  fertilized  eggs  has  under- 
gone a  marked  change.  They  are  entered  more  readily  by  NaOH.**  In  this 
particular  case  we  may  say  that  the  resistance  to  the  entrance  of  alkali  has 
decreased,  using  the  word  resistance,  as  before,  to  indicate  that  the  NaOH 
enters  only  after  modifying  the  normal  impermeability  of  the  surface. 

Trondle,^*  and  also  Lepeschkin,*^  using  the  plasmolytic  method,  have 
found  that  the  permeability  of  plant  cells  for  salts  and  sugar  increases  in 
the  light.  The  increased  permeability  has  an  adaptive  significance  in  that 
the  sugar  formed  by  photosynthesis  may  be  more  rapidly  removed  and 
photosynthesis  itself  thereby  favored. 

PENETRATION   RATE  AND  CHANGES  IN  FUNCTIONAL  ACTIVITY. 

Under  this  head  are  classed  the  cases  in  which  the  rate  of  penetration  of 
the  substance  is  reduced  to  zero,  i.  e.,  cases  in  which  marked  functional  or 
structural  changes  appear,  while  we  have  no  evidence  that  the  substance 
enters  the  cell  at  all.  The  obvious  conclusion  is  that  it  produces  the  effects 
observed  by  acting  on  or  combining  with  the  cell-surface  itself,  and  affords 
excellent  proof  of  the  important  r61e  played  by  the  surface  in  all  activities. 

It  has  long  been  known  that  muscles  lose  thfeir  irritability  in  isotonic 
solutions  of  potassium  salts.  Overton"  showed  that  the  muscle  might 
remain  in  the  potassium  salt  solution  for  days  without  change  of  volume, 
so  that  the  potassium  salt  could  not  have  entered  and  its  effect  in  changing 
irritability  must  have  been  a  surface  action. 

Warburg**  showed  that  the  oxygen  consumption  of  the  egg  was  greatly 
increased  in  the  presence  of  dilute  NaOH,  although  the  NaOH  did  not  enter; 
yet  NH4OH  could  enter  readily  and  in  concentrations  containing  too  few  OH 
ions  to  affect  to  any  marked  extent  the  oxygen  consumption.  Neutral  red 
is  therefore  a  more  delicate  test  for  OH  ions  than  increased  rate  of  oxidation. 
Here  is  unequivocal  evidence  that  a  chemical  process  in  a  cell  can  be  affected 
by  a  substance  which  does  not  enter  the  cell  at  all. 

In  my  earlier  paper  I  have  shown  that  initiation  of  cell  division  in  sea- 
urchin  eggs,  stoppage  of  ciliary  movement  and  cytolysis  of  ParanuBcium^ 
and  stoppage  of  protoplasmic  rotation  in  Elodea  might  be  brought  about 
before  any  appreciable  amount  of  NaOH  had  entered  the  cells. 

^  McClendon,  J.  F.    Amer.  Jour.  Physiol.,  vol.  a?,  p.  340.    19x0 

1*  Harvey,  E.  N.    Sdence,  n.  s.,  vol.  33f  P.  565.    19x0. 

»  TrOndle.    Ber.  d.  deutsch.  hot.  Ges.,  vol.  37i  P*  7i.  1909;  and  Jahrb.  f.  wiai.  Bot.,  vol.  48.  P*  i7Xt  Id^io.. 

*1>pesch1dn.    Ber.  d.  deutsch.  bot.  Ges.,  vol.  3oa.  pp.  198. 331*  and  724*  1908:  and  Bdhefte  z.  bot. 

Zentralb..  vol.  34lt  P*  308.  19x0. 
"Overton,  E.    Pfluger's  Arch.,  vol.  9a.  P.  "5.    1902. 
«•  Warburg.    Loc  dt. 
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It  18  the  purpose  of  the  following  paragraphs  to  indicate  how  far  other 
functions  may  be  affected  by  NaOH  before  it  penetrates  the  cell.  It  may 
be  stated  in  advance  that  every  cell  activity  thus  far  studied  is  affected, 
indeed  abolished,  before  the  NaOH  enters,  while  a  great  many  cell  activities 
remain  entirely  unaffected  even  after  NH4OH  has  penetrated  and  turned 
the  neutral  red  to  yellow. 

Evidence  showing  that  the  indicator  method  is  an  adequate  one  for 
detecting  the  penetration  of  both  strong  and  weak  alkalies  has  been  presented 
in  a  previous  paper  (Amer.  Jour.  Physiology,  vol.  31,  191 3). 

EXPERIMENTAL. 
MUSCLE  AND  NERVE  TISSUE. 
Cassiopba  xamachana. 
The  only  experiments  on  the  permeability  of  the  cells  of  medusae  of 
which  I  am  aware  are  those  of  Bethe,  cited  above. 

The  method  of  experimentation  with  Cassiopea,  a  scyphomedusa  well 
adapted  for  physiological  investigation,  was  the  same  as  that  previously 
used  in  studying  the  effect  of  temperature  on  the  muscular  contraction  and 
nerve  conduction."  The  method  was  originally  described  by  Mayer.** 
A  long  strip  of  tissue  cut  from  the  disk  of  the  jelly-fish  is  laid  across  three 
dishes  (a,  b,  and  c,  fig.  i).    Dishes  a  and  c  are  filled  with  sea-water.     Dish 


Fig.  I. 

B  is  filled  with  the  alkali  solution  to  be  tested.  Stimuli  are  constantly 
arising  in  the  sense-organs  in  dish  a  and  pass  along  the  nerve-network  of 
the  strip  of  tissue  toward  c,  stimulating  the  muscles  as  they  go.  When  the 
nerves  are  so  affected  by  the  alkali  in  b  that  they  no  longer  conduct  a 
stimulus,  the  muscle  in  c  will  no  longer  contract.  In  the  case  of  some  al- 
kalies, acids,  and  most  other  substances,  the  muscles  in  b  are  affected  before 
the  nerves.  The  time  required  to  stop  contraction  can  be  determined  by 
mere  inspection,  since  the  muscles  are  being  constantly  stimulated  by 
nervous  impulses  carried  from  the  sense-organs  in  A. 

In  the  case  of  certain  of  the  alkalies,  the  nerves  in  b  are  affected  before 
the  muscles.  We  may  then  determine  by  direct  stimulation  of  the  muscles 
in  B  with  the  electric  current  when  they  have  been  so  far  affected  as  to  cease 
contracting. 

Entrance  of  alkali  is  of  course  detected  by  the  color  change  of  neutral 
red. 

•  Harrey,  E.  N.    Carnegie  Institution  of  Washington,  Pub.  No.  13a*  p.  27.    19x1. 
M  Mayer,  A.  G.    Carnei^  Institution  of  Washington,  Pub.  No.  X02,  p.  xa8.    1908. 
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The  subumbrella  surface  of  Cassiopea  is  covered  by  a  thin  layer  of  epi- 
thelium and  muscle  and  nerve  tissues.  The  epithelium  is  outermost,  nerve- 
network  next,  then  come  the  muscle-fibers,  and  finally,  embedded  in  the  jelly, 
are  clumps  of  symbiotic  algal  cells  scattered  in  lines  running  parallel  with 
the  muscle-fibers. 

Microscopic  examination  of  the  Cassiopea  strips  used  in  the  following 
experiments  reveals  a  layer  of  red-stained  granules  near  the  surface  and  on 
focusing  downward  Hnes  of  red-stained  granules  are  observed  following  the 
muscle-fibers  and  appearing  to  be  within  them.  Transverse  sections  of 
the  same  strips  showed,  however,  that  very  little  more  than  the  outer  third 
of  the  epithelio-muscle  layer  contained  cells  stained  in  neutral  red.  The  dye 
is  chiefly  taken  up  by  globules  and  granules  in  epithelial  mucus-cells. 
These  granules  are  practically  all  cast  off  in  the  mucus  formed  by  exposing 
Cassiopea  to  chloroform-saturated  sea-water  or  other  injurious  solutions. 
Neither  nematocysts  nor  algal  cells  stain.  No  definitely  stained  nerve-cells 
can  be  made  out,  although  red-stained  granules  are  present  where  nerve- 
cells  should  be.  Only  the  region  of  the  muscle-fibers  away  (i.  ^.,  toward 
epithelium)  from  the  contractile  fibrils  stain.  It  should  be  borne  in  mind, 
then,  in  interpreting  the  following  results,  that  red-stained  granules  are 
not  present  in  the  immediate  region  occupied  by  the  contractile  fibrils,  but 
are  present  in  a  region  first  reached  by  alkali  diffusing  into  the  tissues  and 
in  a  region  containing  the  nerve-network,  although  it  is  impossible  to  say 
whether  granules  within  the  nerve-cells  are  stained  or  not.  It  is  probable, 
however,  that  both  nerve-cells  and  the  outer  ends  of  the  muscle-fibers  con- 
tain the  red  indicator.    The  results  are  given  in  the  following  table: 

Table  3. — Relation  between  color-change,  cessation  of  contraction,  and  cessation  of 
conduction  in  Cassiopea.    {Tortugas,  July  g-io,  1911.) 


Alkaline  solution 
N/aso  concentra- 
tion in  Mg-free 
sea-water. 


Ammonia 

Methylamine. . . 
Dimethylamine . 

Tiimethylamlne . 

Ethylamine .... 

Normal  propyl- 
amine. 
Isopropylamine . 

Tetraethylammo- 

nium  hydnnide. 

NaOH 


KOH.... 
Sr(OH)t . 


Time  of 
exposure 
to  solu- 
tion in 
minutes. 


30 

5 

5 

25 
5 
5 
5 

5 

10 


Color  change  in 
minutes. 


I 
t 

2.S 

X 

X 

I 

No  color  change 
No  color  change 


No  color  change 
No  color  change 


Cessation  of 

contraction  in 

minutes. 


Feeble.  5; 
ceases,  xo. 
a  to  3.5... 


Sli^t  contrac- 
tion, 4;  ceases, 
4.5. 

Feeble,  xo; 
ceases.  18.. . 

Feeble.  3; 
ceases,  4.... 

Feeble,  4; 
ceases,  4.5<>  > 

Feeble,  4; 
ceases,  5  • . .  • 

Feeble,  5; 
ceases,  8.. . . 

Muscles  con- 
tract when 
impulse  pass- 
es. Very  fee- 
ble, zo. 

Feeble,  8.... 

Feeble,  7.... 


Cessation  of 

conduction  in 

minutes. 


Missing.*    xo; 
ceases,  16. 
3, 


2 

Missing,  X5; 

ceases,  30... 
Missing,  a; 

ceases,  3 

2 

a 

Missing,  3; 

ceases,  3.5... 
Missing,  3; 

ceases,  4. . . . 
Occasional,  3; 
ceases,  4 

Slight  contrac- 
tion in  xo. 
4 


Ceases,6  ... 
Ceases,  4.5. . 


Recovery  of 
contraction  in 
minutes  on  re- 
moval to  sea- 
water. 


Recovery  ol 
conduction 
in  minutes 
on  xemoval 
tosea-watei 


2 
6 

t 
2 

6 
5 

z 

Missing,  9; 
regular,  5< 

z 


*  "  Missing"  Indicates  that  sometimes  the  impulse  can  pass  from  a  to  c  sometimes  not. 
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The  actual  times  vary  somewhat  in  diflferent  experiments,  but  the 
above  is  typical.  The  results  of  interest  in  the  above  table  may  be  sum- 
marized as  follows: 

The  weak  alkalies  (first  seven)  enter  almost  instantly,  yet  contractions 
and  conduction  do  not  cease  till  some  time  after  the  color  change  occurs. 

The  strong  alkalies  (last  four)  do  not  enter  until  long  after  contraction 
and  conduction  have  ceased. 

In  ammonia  and  trimethylamine  the  muscles  regularly  lose  their  power 
of  contraction  before  the  nerves.  In  the  remaining  alkalies  the  nerves 
cease  to  function  before  the  muscles  as  direct  stimulation  shows.  The 
phenomenon  is  more  marked  with  the  inorganic  hydroxides.  Thus  far  these 
alkalies  are  the  only  substances  known  which  affect  the  nerves  first  and  the 
muscles  afterwards. 

Recovery  of  both  contraction  and  conduction  will  take  place  if  the 
tissue  is  removed  to  sea-water  soon  after  stoppage  of  contraction  or  con- 
duction occurs.  Occasional  exceptions  to  this  rule  have  been  recorded  in 
which  the  nerve-tissue  has  been  so  injured  in  one  spot  that  the  impulse  was 
unable  to  pass.  The  red  color  returns  only  in  the  tissue  exposed  to  the 
weak  alkalies. 

Recovery  from  the  eflfects  of  the  strong  alkalies  never  occurs  if  the 
tissue  is  allowed  to  remain  in  the  solution  long  enough  for  the  color  change 
to  take  place,  nor  does  the  red  color  return  on  transfer  to  sea-water. 

Ammonia  and  trimethylamine  are  less  toxic  than  the  remaining  amines. 
The  strong  alkalies  take  an  intermediate  position  between  the  two  groups 
of  weak  alkalies  as  regards  toxicity  for  Cassiopea  muscle. 

That  the  resistance  to  the  entrance  of  neutral  red  is  a  property  of  the 
living  cell  may  be  shown  by  treating  the  Cassiopea  strips  with  chloroform- 
saturated  sea-water.  The  cells  are  killed  and  the  red-stained  granules  are 
cast  out  in  a  slime  from  which  the  neutral  red  dye  slowly  diffuses.  If  such 
a  strip  is  placed  in  N/250  NaOH,  the  slime  is  turned  yellow  in  less  than  two 
minutes,  i.  e.,  just  as  rapidly  as  in  N/250  NH4OH.  To  a  certain  extent  the 
slime  prevents  free  access  of  NaOH  to  the  tissue.  When  stripped  off  with  a 
camel's-hair  brush,  the  underlying  tissue,  still  pinkish  in  color,  is  rapidly 
turned  yellow  by  the  alkali.  The  slime  forms  most  rapidly  in  the  strong 
alkalies,  much  less  rapidly  in  the  stronger  amines,  and  very  slowly  in 
NHiOH  and  trimethylamine. 

In  the  following  experiments  on  tissues  other  than  those  of  Cassiopea 
and  on  eggs,  the  effect  of  NaOH  has  always  been  compared  with  that  of 
NH4OH,  for  two  reasons:  (i)  My  general  experience  indicates  that  NH4OH 
may  be  taken  as  a  representative  of  the  weak  alkalies  and  NaOH  as  a  repre- 
sentative of  the  strong.  (2)  Since  NaOH  always  affects  the  cell  before  it 
enters,  we  might  consider  the  visible  alteration  in  function  a  more  delicate 
test  for  the  presence  of  the  OH  ion  within  the  cell  than  the  neutral  red 
indicator.  The  control  experiment  with  NH4OH  shows  that  this  is  not  the 
case.    The  color  change  always  begins  and  in  many  cases  is  complete  before 
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any  alteration  in  function  occurs.    Even  though  NH4OH  enters  readily  it 
is  too  weak  an  alkali  to  affect  the  cell  immediately. 

Pbnnaru  tiarblla. 

The  tentacles  were  stained  in  neutral  red  and  the  time  for  color  change 
was  compared  with  the  time  required  for  spontaneous  movement  to  cease. 
Globules  much  like  those  occurring  in  Cassiopea  take  up  the  dye.  They  are 
present  in  all  parts  of  the  tentacles.  It  is  probable  (but  can  not  be  stated 
positively)  that  stained  granules  are  present  within  muscle-fibers. 

In  NaOH  of  any  concentration  movement  always  ceases  long  before  any 
red  granules  are  turned  yellow. 

In  N/iooo  NH4OH  movement  ceases  in  about  15  minutes.  The  red 
begins  to  change,  but  is  not  completely  yellow  at  this  concentration  for  a 
long  time.  In  N/500  NH4OH  movement  ceases  before  the  color  change  is 
complete. 

The  above  results  were  also  obtained  using  the  gill  muscles  and  tentacles 
of  an  unidentified  AmphitriteAike  annelid  from  Tortugas,  Florida. 

Salpa  dbmocratica. 

Red-stained  granules  undoubtedly  occur  within  the  muscle-fibers  of  the 
circular  bands  of  this  animal. 

In  NaOH  of  any  concentration  movement  ceases  before  the  color  change. 

In  N/iooo  NH4OH  contractions  cease  in  about  15  minutes.  The  color 
change  begins  in  5  minutes,  but  is  not  complete  even  after  an  hour.  In 
N/500  NH4OH  contractions  cease  before  the  color  change  is  complete. 

CILIA  AND  MODIFIED  CILIA   (CTENOPHORE  SWIMMING-PLATE). 

BbrOb  OVATA. 

Granules  stained  in  neutral  red  occur  in  the  swimming-plate  cells,  not 
in  the  plates  themselves. 

In  NaOH  the  movement  always  ceases  long  before  the  color  change 
occurs. 

In  N/500  NH4OH,  the  plates  cease  beating  at  first,  begin  again  in  less 
than  a  minute,  but  have  mostly  stopped  in  5,  and  all  by  10  minutes.  The 
red  granules  are  only  partially  yellow  even  after  45  minutes,  although  the 
color  change  begins  in  the  course  of  3  to  4  minutes. 

TOXOPNBUSTBS  LAXVM. 

'     Red  granules  occur  in  the  ciliated  cells,  but  not  in  the  cilia  themselves. 

In  NaOH  the  dlia  always  stop  before  the  color  change  occurs. 

In  N/500  NH4OH  color  change  occurs  in  i  to  2  minutes.  Movement  is 
stopped  at  first,  begins  again  in  about  4  minutes,  continues  slowly  after 
half  an  hour,  and  has  not  entirely  ceased  even  after  an  hour. 

A  similar  result  is  obtained  with  palolo  trochophores  (Eunice  fucala). 

These  experiments  with  marine  dlia  agree  in  every  way  with  those  ob- 
tained on  Paranuecium. 
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The  above  results  taken  as  a  whole  admit  of  only  one  interpretation. 
If  NaOH  prevents  the  normal  functioning  of  many  different  types  of  cells 
without  appreciably  entering  those  cells,  we  must  conclude  that  its  effect  is 
on  the  surface  and  that  the  alteration  in  function  is  connected  with  a  change 
in  the  surface  layer.  Muscle  contraction,  nerve  conduction,  and  the  move- 
ment of  dlia  and  modified  dlia  (swimming-plates  of  the  ctenophores)  must 
all  be  dependent,  primarily,  on  changes  in  the  surface  layer  of  the  muscle, 
nerve,  or  ciliated  cells. 

CYTOLYSIS  OF  MARINE  EGGS. 

Cytolysis  of  marine  eggs  is  accompanied  by  (i)  an  increase  in  volume  of 
the  egg  as  a  whole;  (2)  in  many  cases  a  solution  of  the  yolk  and  pigment 
granules. 

Two  quite  distinct  views  have  been  held  as  regards  the  cause  of  the 
swelling:  (i)  Swelling  may  be  due  to  an  increase  in  permeability  of  the 
egg  surface-membrane  such  that  the  salts  of  sea-water  can  readily  pass  in; 
they  therefore  no  longer  balance  the  osmotic  pressure  of  substances  within 
the  egg  and  the  egg  swells;  (2)  swelling  may  be  due  to  a  breakdown  of 
protein,  lipoid,  or  other  substances  and  the  development  of  a  higher  osmotic 
pressure  or  a  swelling  pressure  within  the  egg.  According  to  the  first  view, 
the  action  of  a  cytolytic  substance  must  be  chiefly  on  the  surface;  according 
to  the  second,  action  is  on  the  cell  contents.  The  relation  of  cytolysis  to 
penetration  of  alkali  is  therefore  of  special  interest  as  furnishing  evidence  in 
favor  of  one  or  the  other  theories  of  cytolysis.  Details  of  typical  experi- 
ments are  given  below. 

TOXOPNEUSTES  VARIBGATUS  (MATURB  EGG). 

N/80  NaOH — Egg  remains  in  solution  absolutely  unchanged  for  6  min- 
utes; diameter  5.5  units;*  then  swells  suddenly  to  7.0  units.  Color  change 
is  coincident  with  swelling. 

N/80  NH4OH — Color  change  instantaneous.  Egg  remains  in  solution 
for  15 minutes  unchanged;  diameter  5.5  units.  In  the  next  5  minutes  the 
egg  begins  to  appear  coarsely  granular  and  at  the  end  of  2  more  minutes  has 
swollen  to  7.5  units  and  is  filled  with  a  mass  of  globules.  Swelling  is 
relatively  rapid. 

Eunice  pucata  (palolo  worm)  mature  egg. 

N/80  NaOH — ^Egg  remains  in  solution  unchanged  for  8  minutes;  diame- 
ter 19  units.  Then  swelling  begins  and  continues  slowly  for  5  minutes; 
diameter  21.5  units.  The  color  change  occurs  gradually  during  the 
swelling. 

N/80  NH4OH — Color  change  instantaneous.  Egg  remains  unchanged 
in  appearance  and  size  and  only  becomes  broken  up  into  oil-like  globules 
after  an  hour. 

*  A  unit  la  i9*3  miaom. 
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HOLOTHURIA  FLORIDANA    (iMMATURB  EGGS). 

N/80  NaOH — Eggs  remain  unchanged  in  size  and  appearance  for  6 
minutes;  diameter  14.2  units.  The  surface  layer  then  becomes  clear, 
the  clear  region  extends  inward,  and  in  the  course  of  1.5  minutes  more  the 
whole  egg  is  clear  and  swollen  to  16  units.  The  color  change  occurs  as  the 
egg  contents  become  clear. 

In  N/160  and  N/320  NaOH  the  color  change  occurs  some  time  before  the 
egg  clears  and  swells.  Thus  in  N/160  NaOH  the  color  change  occurs  in  18 
minutes  and  cytolysis  in  40  minutes. 

N/80  NH4OH— Color  change  is  instantaneous.  Eggs  remain  the  same 
in  appearance  and  size  for  an  hour;  diameter  14.4  units.  Then  swell  to 
18  units  in  the  course  of  2  to  5  minutes. 

The  immature  eggs  of  Fissurella  sp.,  Eurythoe  sp.,  and  an  AmphUrite- 
like  worm  behave  as  do  those  of  the  palolo. 

It  was  often  noticed  that  if  segmenting  eggs  were  placed  in  NaOH  differ- 
ent blastomeres  were  entered  at  very  different  times  by  the  alkali.  Thus 
the  resistance  of  each  individual  blastomere  is  specific  and  on  division  the 
daughter  cells  may  become  perfectly  distinct  from  each  other  so  far  as 
permeability  relations  go.  Whether  such  differences  are  related  to  the 
hereditary  potencies  of  the  individual  blastomeres  was  not  determined. 

It  will  be  seen  from  the  foregoing  observations  that  several  types  of 
eggs  may  be  distinguished  as  regards  penetration  of  NaOH  and  cytolysis, 
viz:  (i)  Eggs  in  which  cytolysis  and  color  change  are  both  simultaneous 
and  rapid  {Toxopneustes  and  sea-urchin  eggs  in  general);  (2)  ^;gs  in 
which  cytolysis  and  color  change  are  simultaneous  but  gradual  (Eunice 
and  other  annelids);  (3)  eggs  in  which  color  change  may  occur  before 
cytolysis  (Holoihuria  floridana,  immature  eggs). 

In  addition  to  the  above:  (4)  eggs  in  which  the  color  change  occurs 
after  cytolysis  (Cumingia,  observed  at  Woods  Hole,  Massachusetts). 

In  all  types  ammonia  and  the  amines  enter  instantly,  long  before 
cytolysis  occurs. 

Only  one  egg  thus  far  examined  (that  of  Cumingia  teUinoides)  belongs 
to  type  4,  and  one  egg  only  (that  of  Holothuria  floridana)  to  type  3.  In 
other  cases  penetration  of  NaOH  and  swelling  are  simultaneous. 

Leaving  aside  for  the  moment  the  egg  of  Holothuria,  which  forms  an 
exception  to  the  rule  that  cells  are  visibly  affected  before  or  at  the  moment 
of  entrance  of  NaOH,  let  us  analyze  the  results  obtained  with  eggs  of  types 
I  and  2. 

The  rapid  color  change  in  ammonia  shows  how  small  the  concentration 
of  OH  ions  need  be  to  affect  the  red-stained  granules.  We  may  assume, 
then,  that  if  even  a  trace  of  NaOH  entered  the  color  change  would  be  rapid. 
Since  practically  all  marine  eggs  remain  quite  unchanged  in  size  and  in  color 
(of  the  red-stained  granules)  in  NaOH  solution  for  some  time  and  only 
after  a  definite  interval  begin  to  swell  and  to  change  color  relatively  rapidly, 
we  may  conclude  that  the  NaOH  can  only  force  an  entrance  after  funda- 
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mentally  changing  the  normal  nature  of  the  cell-surface.  The  manner 
in  which  cytoljrsis  is  connected  with  such  a  change  in  the  cell-surface  may  be 
conceived  as  follows: 

The  NaOH  combines  with  substances,  probably  with  proteins  at  the 
surface  of  the  egg,  forming  a  compound  through  which  it  may  pass;  i.  e., 
the  surface  is  made  permeable  to  NaOH,  This  compound  must  also  allow 
the  salts  of  sea-water  to  pass  readily;  the  egg  is  likewise  made  permeable  to 
the  salts  of  sea-water.**  Osmotic  equilibrium  is  upset  and  the  egg  absorbs 
water  and  salts.  Breaking  up  of  the  granules  is  due  largely  to  the  increase 
of  water  in  the  egg.  All  marine  eggs  swell  when  placed  in  fresh  water  and 
when  the  increase  in  volume  reaches  a  certain  value  the  contained  granules 
break  down;  true  cytolysis  results.  The  breaking-up  of  the  granules  by 
distilled  water  is  obviously  not  due  to  any  chemical  substance,  such  as 
alkali,  entering  the  egg.  An  increase  in  permeability  might  result  in  swelling 
without  the  entrance  of  the  cytolytic  substance.  Such  is  the  case  when 
Cumingia  eggs  are  placed  in  NaOH. 

However,  I  am  inclined  to  think  that  the  presence  of  a  sufficient  number 
of  OH  ions  within  the  egg  may  aid  in  the  breaking  down  of  the  granules 
and  that  this  breaking  down  increases  also  the  degree  of  swelling  of  the  egg. 
Cytolysis  in  Holothuria  appears  to  be  largely  of  this  type,  since  here  NaOH 
enters  before  the  increase  in  volume  begins. 

From  this  point  of  view  both  theories  of  cytolysis  contain  an  element 
of  truth.  Swelling  of  marine  eggs  is  due  both  to  an  increase  in  permeability 
of  the  surface  and  also  to  the  breakdown  of  lipoid  or  protein  granules 
within.  The  latter  tends  to  increase  the  swelling  pressure  or  the  osmotic 
pressure  of  the  egg,  but  is  secondary  to  the  increase  in  permeability  of  the 
surface. 

*  McClendon  (Am.  Jour.  Physiol.,  vol.  a7f  P>  3ao,  19x0)  finds  the  electrical  conductivity  in  sea-urchln'i. 
eggs  to  be  greatly  increased  after  cytolysis,  a  result  indicatixig  ready  passage  of  the  salts  of  sea-water. 
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PHYSIOLOGICAL  STUDIES  ON  CERTAIN  PROTOZOAN  PARASITES  OF 

DIADEMA  SETOSUM. 


Bt  Merkel  H.  Jacobs. 


INTRODUCTION. 

It  has  been  shown  by  the  author  and  others  that  different  species  of 
protozoa  have  certain  physiological  characteristics,  often  almost  as  striking 
as  their  morphological  ones,  and  which  are  probably  of  considerable  signifi- 
cance in  the  interpretation  of  their  habits  of  life  and  their  relation  to  their 
environment.  The  study  of  such  characters  in  the  past  has  been  greatly 
neglected  on  account  of  the  general  belief  of  biologists  that  they  are  exceed- 
ingly inconstant  and  subject  to  modification  by  external  factors  and  there- 
fore of  little  value  in  an  understanding  of  the  fundamental  nature  of  the 
organisms  possessing  them.  Previous  attempts  to  detect  characteristic 
physiological  differences  between  different  forms  have  for  the  most  part 
been  confined  to  organisms  whose  general  habits  of  lifQ  are  so  dissimilar  as 
to  leave  room  for  the  objection  that  the  differences  observed  may  have  been 
due  merely  to  the  effect  on  the  animals  of  the  different  environments  to 
which  they  have  been  accustomed  and  not  to  any  innate  peculiarities  of  the 
organisms  themselves. 

It  occurred  to  the  author  as  desirable  to  test,  if  possible,  a  series  of  forms 
which  naturally  live  under  essentially  the  same  environmental  conditions, 
and  which  may  be  assumed  to  have  done  so  for  many  past  generations,  in 
order  to  see  whether  they  show  greater  likenesses  than  a  number  of  forms 
selected  at  random,  or  whether  each  has  preserved  its  individuality  in  spite 
of  the  similarity  of  its  environment.  In  the  case  of  a  number  of  parasitic 
protozoa  living  together  in  the  same  organ  of  the  same  host,  we  have  a 
favorable  opportunity  for  such  a  study.  Even  here  we  can  not  assume 
that  each  form  has  exactly  the  same  environment,  but,  there  can  be  no 
question  that  this  environment  is  far  more  similar  than  that  of  a  number  of 
selected  free-living  forms.  Furthermore,  in  order  to  become  parasites  of  the 
same  host  the  nature  of  the  forms  in  question  must  have  been  more  or  less 
changed.  In  the  case  of  intestinal  parasites,  for  example,  it  would  be 
necessary  for  them  to  acquire  a  resistance  to  the  digestive  juices  of  the 
host  and  to  become  accustomed  to  a  more  or  less  anaerobic  habit  of  life,  etc. 
Such  changes  would  necessarily  be  in  the  same  direction  for  all  of  them. 
If,  therefore,  a  number  of  parasitic  forms,  which  have  had  to  meet  and  adapt 
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themselves  to  the  same  new  conditions  and  live  under  them  together  for 
thousands  of  generations,  still  show  as  characteristic  ph3rsiological  differ- 
ences as  free-living  forms,  it  is  good  evidence  of  the  fundamental  nature  of 
these  differences.  Is  such  the  case?  The  present  paper  is  a  preliminary 
consideration  of  this  question.  The  work  on  which  it  is  based  was  per- 
formed at  the  Tortugas  Laboratory  of  the  Carnegie  Institution  of  Wash- 
ington during  the  summer  of  1910. 

MATERIAL. 

The  material  used  in  these  experiments  consisted  of  four  species  of  dliate 
protozoa  obtained  from  the  alimentary  tract  of  the  large  black  sea-urchin, 
Diadema  setosum,  which  can  be  procured  in  practically  unlimited  quantities 
from  the  coral  reefs  about  the  Tortugas.  This  form  is  particularly  favorable 
as  a  source  of  material,  not  only  on  account  of  its  abundance  but  on  account 
of  the  high  percentage  of  infection  shown  by  it  with  respect  to  the  protozoa 
in  question.  Out  of  over  100  adult  Diademas  examined  during  the  progress 
of  the  work,  not  a  single  one  failed  to  show  one  or  more  kinds  of  protozoa  in 
the  intestine,  which  often  fairly  swarmed  with  them.  Doubtless  the  large 
size  of  the  intestine,  its  pouch-like  recesses  in  which  stagnation  of  the  food 
can  occur,  and  the  character  of  the  food  itself  are  factors  favoring  the  pres- 
ence of  protozoan  parasites  or,  perhaps  more  correctly,  protozoan  conmien- 
sals,  since  none  of  the  forms  in  question  seem  to  be  injurious  to  the  host  or 
to  live  at  its  expense,  except  in  so  far  as  they  use  up  a  small  portion  of  its 
practically  unlimited  supply  of  food. 

The  forms  studied  were  of  four  kinds.  Since  apparently  none  of  them 
have  been  previously  described  or  named,  they  are  for  convenience  desig- 
nated in  the  account  that  follows  by  the  letters.  A,  B,  C,  and  D.  Of  the 
four,  B  is  the  most  regular  in  its  occurrence,  having  been  found  in  100  per 
cent  of  the  adult  Diademas  examined.  It  is  a  large,  heterotrichous  form 
allied  to  Metopus,  with  a  hook-like  anterior  end  and  showing  considerable 
individual  variation  in  appearance. 

The  form  next  in  abundance  is  C,  which  is  found  in  about  75  per  cent  of 
the  cases.  It  is  a  medium-sized,  holotrichous  form,  elongated  in  shape,  with 
the  anterior  end  of  the  body  transparent  and  longitudinally  striated  and 
the  remainder  filled  with  refractive  spherules.  A  nucleus  is  visible  about  the 
middle  of  the  body  and  no  mouth  opening  can  be  detected. 

The  next  form  in  importance  is  the  one  designated  as  D,  which  is  found 
in  40  per  cent  of  adult  Diademas.  It  is  flat  and  leaf-like  in  form,  with  the 
body  slightly  concave  on  the  ventral  and  convex  on  the  dorsal  surface.  The 
one  margin  of  the  body  is  almost  straight  and  the  other  curved,  giving  the 
animal  an  asymmetrical  shape.  At  the  posterior  end  is  a  spur-like  pro- 
jection.    Evidently  this  form  is  allied  to  the  holotrichous  genus  Dysteria. 

The  form  which  occurs  in  the  smallest  number  of  cases  (33  per  cent)  is 
A.  When  present  at  all,  however,  the  number  of  individuals  is  generally 
very  large.     In  size  it  is  rather  small  and  in  shape  elliptical  and  flattened. 


Digitized  by 


Google 


Physiological  Studies  on  Certain  Protozoan  Parasites.  151 

Very  little  could  be  made  out  of  its  structure,  owing  to  its  small  size,  rapid 
movements,  and  its  peculiar  tendency  to  disintegrate  with  almost  explosive 
suddenness  when  kept  under  observation  on  a  microscopic  slide.  In 
addition  to  these  four  characteristic  forms,  several  other  ciliates  were 
observed  more  rarely,  and  on  one  occasion  an  amceba.  They  were  not  found 
frequently  enough,  however,  to  be  considered  in  the  experimental  part  of 
the  work.  So  far  as  the  present  observations  go,  the  important  group  of 
flagellates  appears  not  to  be  represented  by  parasitic  forms  in  Diadema, 

The  parasites  of  Diadema  seem  to  occur  exclusively  in  the  alimentary 
tract,  none  being  found  in  the  body-fluid  so  long  as  the  intestine  is  uninjured. 
In  the  alimentary  tract  itself  the  number  is  not  the  same  in  the  different 
regions,  some  parts  being  more  favorable  than  others.  The  greatest 
numbers  are  found  in  the  distended  pouches  of  the  second,  or  upper,  coil 
of  the  intestine.  In  the  lower  coil  they  seem  to  be  almost  or  entirely  absent, 
even  when  present  in  great  abundance  elsewhere.  It  is  interesting  to  note 
in  this  connection  that  free-living  forms  (e.  g.,  Foraminifera,  etc.),  which 
are  taken  in  with  the  food,  are  invariably  dead  before  the  second  coil  is 
reached.  The  rectal  portion  of  the  intestine  also  shows  very  few  protozoa, 
form  D  being  the  one  most  frequently  encountered  there,  though  B  and  C 
may  occur  rarely  and  in  small  numbers.  On  several  occasions  cysts,  pos- 
sibly of  D,  were  found  in  this  region.  It  seems  quite  probable  that  cysts 
thus  formed  may  pass  out  and  eventually  infect  other  Diademas.  It  does 
not  always  happen  that  the  different  protozoa  present  show  the  same 
distribution,  thus,  A^  for  example,  may  be  quite  absent  in  some  of  the 
pouches  and  present  in  others,  while  B,  C,  and  D  show  similar  irregularities. 
It  is  usual  to  find  several  of  the  forms  together,  but  there  are  no  constant 
combinations;  any  form  may  occur  associated  with  any  of  the  others. 

The  above  remarks  concerning  the  abundance  and  distribution  of  the 
parasites  apply  only  to  adult  Diademas.  As  might  be  expected  from  our 
knowledge  of  other  animals,  young  individuals  contain  either  no  parasites 
at  all  or  at  most  but  a  few.  The  youngest  ones  examined  (0.5  inch  in 
diameter)  contained  nothing.  Somewhat  older  ones  (1.5  inches  in  diameter) 
contained  sometimes  nothing  at  all,  sometimes  large  numbers  of  a  form  not 
found  in  any  of  the  adults  examined,  and  in  a  few  cases  small  numbers  of 
C  and  D.  It  is  rather  striking  that  form  B,  which  appears  to  be  present 
in  all  adults,  should  be  so  constantly  lacking  in  younger  individuals. 
Whether  this  is  because  conditions  for  its  existence  are  unsuitable  or  simply 
because  no  opportunity  for  infection  has  occurred  could  not  be  determined. 

A  search  for  the  parasites  in  question  was  also  made  in  sea-water  and  in 
other  animals,  related  and  unrelated  to  Diadema.  The  only  situations  in 
which  any  of  them  were  found  was  in  the  alimentary  tract  of  other  sea- 
urchins,  where  they  may  occur  in  varying  numbers.  B,  for  example,  was 
found  rarely  in  Toxopneustes  and  Echinometra,  and  C  on  a  number  of 
occasions  in  Toxopneustes,  while  D  seems  to  be  present  in  every  adult 
Toxopneustes,  and  rarely  in  Echinometra.    A  was  never  found  outside  of 
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Diadema.    A  number  of  specimens  of  HipponoB  were  examined  for  pro- 
tozoan parasites  without  results. 

METHOE>S. 

In  comparing  the  physiological  nature  of  the  forms  in  question  certain 
characters  were  chosen  which  could  be  expressed  quantitatively  and  the 
animals  examined  with  respect  to  them.  Those  selected  all  had  to  do  with 
the  length  of  time  the  organisms  could  maintain  their  normal  activities  under 
various  conditions  differing  from  those  to  which  they  were  accustomed. 
The  method  adopted  was  to  place  the  animals  under  the  new  conditions  and 
note  the  time  that  elapsed  until  all  visible  movements  ceased.  In  the  case  of 
ciliates  this  time  corresponds  very  closely  with  that  at  which  irreparable 
injury,  resulting  in  death,  has  been  done  to  the  cell,  and  therefore  furnishes 
a  more  or  less  accurate  criterion  of  the  general  vitality  of  the  organisms. 

In  the  present  experiments  the  number  of  individuals  studied  was 
always  large  and  the  range  of  variation  within  the  species  small,  and  there- 
fore it  was  found  possible  to  choose,  as  the  point  for  comparison,  the  time 
at  which  all  the  individuals  of  the  given  species  had  been  rendered  motion- 
less. This  point  was  easy  to  determine  and  the  general  agreement  in  the 
results  obtained  on  successive  days  by  the  use  of  the  above  method  showed 
it  to  be  sufficiently  accurate  in  a  case,  such  as  the  present  one,  where  it  was 
desired  to  express  the  relative  and  not  the  absolute  resistance  of  the  four 
forms  in  question.  Most  of  the  experiments  were  repeated  a  number  of 
times  with  material  obtained  from  different  sources,  so  as  to  eliminate  acci- 
dental errors.  The  characters,  in  respect  to  which  the  different  forms  were 
compared,  were  as  follows:  (i)  Ability  to  live  outside  the  body  of  the  host; 
(2)  ability  to  live  in  the  body-fluid  of  other  related  animals;  (3)  length  of 
life  of  the  parasites  after  the  death  of  the  host;  (4)  resistance  to  Cd; 
(5)  resistance  to  H2S;  (6)  resistance  to  the  decomposing  proteid  substances; 
(7)  resistance  to  H2SO4;  (8)  resistance  to  KOH. 

EXPERIMENTS. 
ABILITY   OF  THE    PARASITES  TO  LIVE  OUTSIDE  THE    BODY  OF   THEIR   HOST. 

It  is  well  known  that  protozoan  parasites  show  a  varying  ability  to  live 
apart  from  their  host.  In  general,  the  less  specialized  the  parasite  and  the 
looser  the  relation  between  it  and  its  host,  the  longer  it  may  be  expected  to 
live  under  conditions  other  than  the  natural  ones.  The  forms  in  question 
are  not  highly  specialized  and,  as  might  be  supposed,  are  for  the  most  part 
able  to  live  for  a  considerable  time  outside  the  intestine  of  Diadema,  though 
so  far  as  these  experiments  go,  a  continued  existence  of  this  sort  is  in  no  case 
possible.  The  point  of  particular  importance,  however,  from  the  standpoint 
of  the  present  investigation,  is  that  the  four  forms  studied  show  marked 
differences  in  behavior  when  removed  from  the  body  of  their  host.  If  a 
number  of  food  pellets  from  the  intestine  of  a  Diadema  be  shaken  up  with  a 
little  fresh  sea-water,  none  of  the  parasites  obtained  in  this  way  is  at  first 
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visibly  injured.  If,  however,  a  few  cubic  centimeters  of  the  mixture  be 
placed  in  a  covered  glass  dish  which  prevents  evaporation  but  which,  being 
only  partially  filled,  does  not  prevent  contact  of  the  liquid  with  the  air,  it 
will  be  seen  that  all  of  the  animals  present  will  die  after  a  length  of  time 
which  is  fairly  constant  for  each  species.  The  first  one  to  disappear  appar- 
ently always  is  A,  which  is  no  longer  present  after  2  to  3  hours. 

It  may  be  mentioned  that  no  way  of  keeping  A  longer  than  this  in  arti- 
ficial cultures  was  found  except  to  place  a  relatively  large  quantity  of  the 
intestinal  contents  in  a  test-tube  with  the  addition  of  only  sufficient  water 
to  keep  it  moist,  in  which  case  the  animals  retained  their  activity  somewhat 
longer.  D  is  next  to  A  in  respect  to  its  behavior  in  sea-water  culture,  and 
usually  is  dead  at  the  end  of  24  hours,  though  a  few  individuals  may  survive 
several  hours  longer.  C  does  not  differ  very  markedly  from  P,  but  is  some- 
what more  resistant,  living  on  an  average  30  hours  or  a  little  over.  B  is 
by  far  the  most  resistant  form,  often  surviving  and  continuing  active  for 
2  or  3  days.  The  relative  ability  of  the  four  forms  to  live  outside  the  body 
of  their  host  may  therefore  roughly  be  expressed  by  the  ratio  i  :  24  :  12  :  10. 

To  determine  to  what  extent  the  injurious  effects  of  removing  the  para- 
site from  their  host  were  due  to  the  action  on  them  of  the  oxygen  of  the  air, 
a  parallel  series  of  experiments  was  tried  in  which  oxygen,  so  far  as  possible, 
was  excluded.  This  was  done  by  shaking  up  the  food  pellets  from  the 
intestine  with  sea-water  from  which  the  air  had  been  removed  by  boiling 
(the  concentration  of  salts  being  kept  constant  by  the  addition  of  distilled 
water)  and  immediately  placing  the  liquid  in  dishes  which  were  completely 
filled,  covered,  and  sealed  with  vaseline  to  exclude  the  air.  Such  treatment 
was  found  not  materially  to  alter  the  length  of  life  of  any  of  the  forms  except 
B,  which  in  one  such  experiment  lived  for  7  days,  the  longest  time  for  which 
it  was  found  possible  to  keep  any  of  the  forms  alive  by  any  of  the  methods 
employed.  -4,  C,  and  D  died  in  about  the  usual  times,  the  life  of  -4,  if 
an3rthing,  being  slightly  shortened  and  that  of  C  slightly  lengthened.  In  no 
case  except  that  of  C,  however,  were  the  differences  significant. 

ABILITY  OF  THE  PARASITES  TO  LIVE  IN  THE  BODY-FLUID  OF  TOXOPNEUSTES. 

Early  in  the  course  of  these  experiments  it  was  observed  that  the  forms 
in  question  live  in  cultures  made  with  the  body-fluid  of  Diadema  about  the 
same  length  of  time  that  they  do  in  sea-water.  This  is  not  surprising,  since 
the  osmotic  properties  of  the  body-fluids  of  sea-urchins  and  sea-water  are 
about  the  same.  A  point  of  some  interest  seemed  to  be  whether  the  body- 
fluid  of  a  nearly  related  genus  of  sea-urchins  would  be  as  favorable  as  that 
of  the  host  or  as  sea-water,  or  whether  there  might  be  present  in  it  in  addi- 
tion to  the  salts  of  sea-water  certain  other  substances  of  more  specific 
nature  which  would  have  a  toxic  effect.  To  determine  this  point,  therefore, 
experiments  were  made,  but  unfortunately  they  were  not  very  extensive. 
One  such  experiment  may  be  mentioned.  -4,  5,  and  C  obtained  from 
Diadema  were  placed  in  a  small  quantity  of  the  body-fluid  of  Toxopneustes. 


Digitized  by 


Google 


154  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

A  was  found  to  be  dead  at  the  end  of  1.5  hours,  £  in  3  hours,  and  C  was 
living  after  15  hours,  but  dead  in  24.  In  a  control  culture  in  which  the 
body-fluid  of  the  original  host  was  used  in  place  of  that  of  Toxopneustes^  A 
lived  about  2  hours,  B  was  still  active  at  the  end  of  24,  and  C  died  somewhere 
between  15  and  24.  It  will  be  seen,  therefore,  that -4  and  C  are  less  aflfected 
by  the  change  than  is  B,  which  normally  lives  10  to  20  times  as  long  in  the 
body-fluid  of  its  own  host  as  in  that  of  Toxopneustes.  Unfortunately  D 
was  not  available  at  the  time  when  this  experiment  was  performed.  The 
converse  of  the  above  experiment,  namely,  the  subjecting  of  parasites  ob- 
tained from  Toxopneustes  to  the  body-fluid  of  Diadema,  was  also  tried  with 
similar  results.  In  this  case  only  D  was  available,  it  being  the  only  one  of 
the  four  forms  found  in  quantity  in  Toxopneustes.  In  the  control  culture 
in  which  the  body-fluid  of  their  own  host  was  used  the  animals  were 
normal  after  15  hours;  in  the  body-fluid  of  Diadema  they  were  dead  in  2 
hours. 

The  injurious  effects  of  transferring  the  parasites  to  the  body-fluid  of 
an  animal  other  than  their  host  are  almost  certainly  not  due  to  physical 
{e.  g.,  osmotic)  differences  between  the  body-fluids  of  the  two  animals,  since 
they  may  be  transferred  with  impunity  from  either  host  to  sea-water,  the 
body-fluid  of  sea-urchins  having  approximately  the  same  osmotic  properties 
as  the  latter.  Furthermore,  in  a  number  of  experiments  in  which  the  con- 
centration of  the  liquid  surrounding  the  parasites  was  purposely  suddenly 
altered,  the  forms  in  question  were  shown  to  be  quite  resistant  to  changes  of 
this  sort.  It  may  be  assumed,  therefore,  that  chemical  rather  than  physical 
differences  in  the  two  body-fluids  are  responsible  for  the  death  of  the 
animals.  It  is  rather  interesting  that  different  races  of  the  same  species 
are  found  adapted  to  different  hosts  and  apparently  can  not  be  suddenly 
transferred  from  one  to  the  other.  Where  adaptive  characters  such  as 
these  are  concerned,  we  can  look  for  a  considerable  amount  of  variation 
within  the  species.  But  in  the  case  of  non-adaptive  characters,  such  as 
some  of  those  mentioned  in  the  succeeding  experiments  (resistance  to  H^S, 
HtSOi,  etc.),  it  was  found  that  the  properties  of  form  D,  for  example,  were 
practically  the  same  whether  it  was  obtained  from  Diadema  or  Toxopneustes, 
and  consequently  that  such  characters  are  fairly  constant  for  the  species. 

LENGTH  OF  LIFE  OF  THE  PARASITES  AFTER  THE  DEATH  OF  THE  HOST. 

If  a  dead  Diadema,  either  opened  or  unopened,  be  covered  with  sea- 
water  and  allowed  to  stand  in  a  warm  room,  the  number  of  parasites  present 
soon  begins  to  diminish  and  after  a  variable  time  all  disappear.  Sometimes 
in  as  short  a  time  as  12  hours  none  are  to  be  found,  though  in  other  cases 
they  may  be  active  for  24  hours  or  more.  In  no  instance,  however,  do  they 
seem  to  persist  more  than  30  hours  at  the  room  temperature  of  the  Tortugas 
laboratory  (85**  to  95**  F.).  They  usually  disappear  in  the  order,  D,A,C,  B, 
In  one  series  of  observations  D  was  dead  in  12  to  15  hours,  -4  in  a  little  less 
than  20,  while  C  and  B  survived  somewhat  over  24.    While  the  absolute 
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time  of  disappearance  differs  in  different  experiments  the  relative  order  for 
the  four  forms  seems  to  be  quite  constant. 

It  will  be  seen,  therefore,  that  in  respect  to  their  ability  to  live  in  the 
body  of  the  host  after  the  latter's  death,  just  as  in  many  other  respects, 
they  show  certain  characteristic  physiological  differences.  The  relative 
length  of  life  of  the  four  forms  is  roughly  1.5  :  2  :  2  :  i.  Just  what  factors 
cause  the  death  of  the  parasites  under  these  conditions  is  not  certain,  but 
probably  the  products  of  decomposition  present  play  an  important  part. 
As  will  be  shown  later,  some  of  these  substances  are  markedly  toxic,  though 
each  of  the  four  forms  is  affected  differently  by  them  and  the  immediate 
cause  of  death  may  perhaps  be  different  in  the  different  cases. 

EFFECTS  OF  COf  ON  THE  PARASITES. 

Carbon  dioxide  certainly  occurs  normally  in  the  intestine  of  Diadema  and 
therefore  small  quantities  of  it  can  not  be  markedly  injurious  to  any  of  the 
four  forms  in  question.  With  large  quantities  the  case  is  different,  all  being 
killed  in  a  fairly  short  time,  though  the  four  forms  are  by  no  means  alike  in 
their  resistance.  If  a  drop  of  fluid  containing  them  be  exposed  to  a  contin- 
uous stream  of  the  gas  in  a  gas-chamber  and  kept  under  constant  obser- 
vation, it  will  be  seen  that  P,  the  least  resistant  form,  is  rendered  motionless 
in  3  or  4  minutes;  i4  comes  next,  the  time  required  for  it  being  5  to  6  minutes; 
C  remains  active  for  about  15  minutes,  and  B  for  from  45  to  60  minutes. 
The  ratio  of  resistance  is  therefore  roughly  1.5  :  15  : 4  :  i;  B  being  the 
most  resistant  form  and  D  the  least.  The  same  order  of  resistance  was 
found  to  hold  if  instead  of  subjecting  the  animals  to  a  stream  of  gas  they 
were  placed  in  a  relatively  large  quantity  of  sea-water  charged  with  COi 
by  means  of  a  "sparklet"  bottle. 

EFFECT  OF  HfS  ON  THE  PARASITES. 

Hydrogen  sulphide  begins  to  appear  in  the  intestine  of  Diadema  in  con- 
siderable quantities  soon  after  death.  The  vapors  given  off  on  gently 
warming  a  little  of  the  intestinal  contents  taken  12  hours  after  death  darken 
lead  acetate  paper  yery  perceptibly,  and  after  24  hours  the  reaction  may 
often  be  obtained  without  the  application  of  heat  at  all.  As  this  substance 
might  be  suspected  of  playing  a  part  in  causing  the  disappearance  of  the 
parasites  from  the  intestine  of  the  host  after  death,  it  was  of  interest  to 
examine  its  effects  on  the  four  forms  in  question.  As  might  be  expected, 
it  proved  to  be  markedly  toxic  to  all,  but  the  different  forms  resisted  it 
in  pronouncedly  different  manner,  and,  furthermore,  the  order  of  resistance 
is  different  from  that  shown  to  C0|.  C,  for  example,  which  is  next  to  the 
most  resistant  form  to  COs,  is  killed  first  when  a  current  of  the  gas  is  passed 
through  the  gas-chamber  containing  the  animals,  the  time  required  being 
only  I  to  2  minutes;  D  comes  next,  with  a  period  of  about  3  minutes;  A  lives 
3  to  4  minutes,  and  B  10  to  15.  The  ratio  of  the  resistance  of  the  four  forms 
is  therefore  approximately  2.5  :  8  :  i  :  2. 
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EFFECT  OF  DECOMPOSITION   PRODUCTS  ON  THE  PARASITES. 

In  an  attempt  to  throw  light  on  the  cause  of  the  disappearance  of  the 
parasites  after  the  death  of  the  host,  the  effect  on  them  of  the  direct  products 
of  the  decomposition  of  the  tissues  of  Diadetna  was  tried.  The  method 
used  was  to  allow  fragments  of  Diadetna  tissues  to  decay  in  the  water  for  3 
days  at  room  temperature;  5  drops  of  the  resulting  infusion  were  then  added 
to  10  drops  of  the  fluid  containing  the  animals.  The  results  were  most 
surprising.  5,  which  had  hitherto  proved  the  most  resistant  form  in  most 
of  the  experiments,  was  killed  almost  instantly — certainly  in  less  than  5 
seconds;  A  lived  from  10  to  60  seconds;  D  20  to  25  minutes;  and  C  as  long 
as  2  hours.  C,  therefore,  which  is  less  resistant  than  B  to  most  conditions, 
is  in  this  case  many  more  times  resistant.  The  ratio  for  the  four  forms  is 
roughly  7:1: 1,500  :  250.  These  figures  seemed  so  remarkable  that  the 
experiment  was  repeated  several  times,  but  always  with  essentially  the 
same  results. 

THE  EFFECT  OF  H1SO4  ON  THE  PARASITES. 

A  limited  number  of  experiments  were  tried  with  this  substance.  It  was 
necessary  first  to  determine  the  proper  concentration,  since  if  the  solution 
is  too  strong  death  occurs  so  quickly  that  its  time  can  not  be  accurately 
observed,  and  if  too  weak  it  occurs  so  late  that  other  factors  have  time  to 
complicate  the  results.  A  series  of  preliminary  experiments  showed  that  a 
favorable  proportion  is  i  drop  of  N/io  H1SO4  to  5  drops  of  the  fluid  con- 
taining the  organisms.  Of  course,  care  had  to  be  taken  that  the  acid  was 
immediately  mixed  thoroughly  with  the  culture  medium,  otherwise  the 
organisms  were  not  all  subjected  to  exactly  the  same  conditions.  Treated 
in  this  way,  the  four  forms  showed  striking  differences:  A  had  a  very  low 
resistance,  being  killed  in  about  5  seconds;  D  was  killed  in  less  than  30 
seconds,  but  the  exact  time  (somewhere  between  this  and  5  seconds)  was 
not  noted;  C  died  in  about  30  seconds;  while 5  survived  1.25  hours  or  900 
times  as  long  as  A .  This  is  seen  to  be  a  surprisingly  high  resistance  to  acid 
when  it  is  remembered  that  Paramecium  and  many  other  fresh-water  forms 
are  killed  almost  instantly  by  exposure  to  N/500  HtS04.  Summarizing  the 
results  of  the  observations  on  the  resistance  of  the  four  forms  to  H2SO4  we 
have  the  ratio,  i  :  900  :  6  :  <  6. 

EFFECT  OF  KOH  ON  THE  PARASITES. 

This  substance  used  in  the  same  concentration  as  HsS04,  as  might  be 
expected  from  results  obtained  with  other  animals,  is  on  the  whole  much 
less  injurious.  A  (the  least  resistant  form)  was  found  to  be  killed  in  about 
2  minutes,  D  in  somewhat  less  than  45  minutes,  B  in  about  i  hour,  and  C 
in  3  to  4  hours.  It  will  be  noted  that  while  A,  C,  and  D  are  much  more 
resistant  to  KOH  than  to  H2SO4,  B  is  actually  less  resistant.  The  ratio  for 
the  four  forms  is  roughly  I  :  30  :  100  :  20. 
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CONCLUSIONS. 

The  general  results  of  the  experiments  performed  is  to  show  surprising 
differences  in  the  resistance  of  the  parasites  of  Diadema  to  various  unfavor- 
able conditions.  In  some  cases  the  most  resistant  form  may  live  several 
hundred  times  as  long  as  the  least  resistant  one.  B  is  900  times  as  resistant 
to  H1SO4  as  A ,  and  the  difference  between  B  and  C  with  respect  to  products 
of  decomposition  is  still  more  striking.  Furthermore,  a  form  which  is 
strongly  resistant  to  one  condition  may  be  only  feebly  so  to  another,  and 
vice  versa.  For  example,  £  is  8  to  10  times  as  resistant  to  HjS  as  C,  but 
1,500  times  less  resistant  to  certain  of  the  products  of  decomposition  of 
Diadema  tissues.  C  is  more  resistant  to  COi  than  A  or  P,  but  less  resistant 
to  H2S.  A,  C,  and  D  are  24  to  450  times  more  resistant  to  KOH  than  to 
H1SO4,  while  B  is  somewhat  less  resistant.  Other  similar  facts  could  be 
mentioned. 

Comparing  all  of  the  results  obtained,  it  is  therefore  seen  that  the  similar 
habit  of  life  of  the  four  forms  in  question  has  not  brought  about  physio- 
logical similarity  except  in  certain  adaptive  characters  which  are  a  sine 
gua  non  for  continued  existence  in  the  same  host  {e,  g.,  ability  to  resist  the 
digestive  juices  of  the  latter,  etc.).  In  other  respects  they  are  just  as 
different  as  almost  any  four  free-living  forms  that  might  be  selected  and 
so  far  as  the  evidence  of  these  experiments  goes  it  seems  to  show  that  the 
physiological  characters  of  an  organism  are  not  merely  the  result  of  its 
environment,  but  may  be  as  fundamental  and  characteristic  as  its  morpho- 
logical ones. 
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ORIGIN  OF  THE  ELEaRIC  TISSUES  OF  GYMNARCHUS  NILOTICUS. 


By  Ulric  Dahlgren. 


In  the  seven  types  of  electricity-producing  fishes  the  exact  development 
by  which  the  electric  organs  and  tissues  are  produced  during  the  creature's 
life  is  known  in  only  two,  leaving  the  other  five  unknown.  It  also  happens 
that  the  two  forms  which  have  been  studied  as  to  the  histogenesis  of  their 
electric  organs  are  the  only  two  elasmobranch  fishes  among  the  seven,  so  that 
we  have  not  as  yet  seen  how  the  remarkable  electric  tissues  in  MalopteruruSf 
GymnotuSf  Astroscopus,  the  mormyrids,  and  Gymnarchus  are  developed.  Also, 
of  the  five  teleost  types  we  know  the  structure  of  the  full-grown  electric  organs 
in  all  of  them  pretty  well,  except  in  Gymnarchus.  This  fish  is  found  in  Africa 
and  has  been  rather  rare,  so  that  but  two  workers  have  published  observa- 
tions on  it,  both  of  them  a  long  time  ago  and  from  poorly  preserved  material. 

It  was,  therefore,  with  great  pleasure  that  the  writer  came  into  possession 
of  some  embryos  of  this  rare  form  through  the  kindness  of  Dr.  J.  Graham 
Kerr,  Dr.  Arthur  Shipley,  and  Dr.  Richard  Assheton,  to  whom  he  wishes 
to  express  his  most  sincere  thanks.  This  material  was  collected  in  Africa 
by  Dr.  Samuel  Budgett  some  years  ago  and  was  in  most  excellent  condition, 
owing  to  the  great  care  and  skill  with  which  Dr.  Budgett  put  it  up  and  cared 
for  it.  The  collecting  was  done  unflinchingly  and  faithfully,  under  con- 
ditions of  hardship  and  sickness  that  few  white  men  could  stand,  and  Dr. 
Budgett  lost  his  life  from  exposure  and  illness  incurred  in  part  by  this  work. 
A  full  account  of  his  trip  and  of  the  scientific  results  should  be  read  in  the 
Budgett  memorial  volume  issued  by  Dr.  Shipley,  Dr.  Kerr,  Dr.  Assheton, 
and  others  in  1907,  through  the  Cambridge  University  Press  (24).^ 

It  is  somewhat  unfortunate  that  the  structure  of  the  electric  organs  in 
the  adult  fish  could  not  be  worked  up  at  the  same  time  that  this  paper  was 
written,  but  the  writer  has  material  on  the  way  from  Khartoum  and  hopes 
to  publish  a  second  paper  shortly. 

But  three  papers  have  been  published  on  the  electric  organ  of  this  inter- 
esting fish,  one  by  Erdl  (15)  in  1847  and  another  by  G.  Fritsch  (19)  in  1885. 
Riippel's  publication  on  the  subject  could  not  be  found,  but  Fritsch  states 
that  Riippel  mentioned  the  peculiar  structures  which  we  are  considering, 
and  so  he  stands  at  present  in  the  writer's  knowledge  as  the  first  one  to  have 
seen  and  reported  to  science  the  electric  organs  of  this  fish,  although  he 
was  in  doubt  as  to  their  significance.    Erdl  used  a  specimen  which  was  so 


^  The  figures  in  parenthesis  refer  to  the  literature  dted,  p.  I9|.* 
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poorly  preserved  and  so  soft  that  when  he  cut  the  animal  across  its  body, 
the  electroplaxes  and  connective  tissue  ran  out  of  the  muscle  in  which  they 
are  embedded.  Nevertheless  Erdl  stated  that  it  was  probably  an  electric 
organ,  coming  to  this  conclusion  by  a  comparison,  of  such  features  as  he 
could  make  out,  with  the  structures  found  in  the  tails  of  the  other  electric 
fishes,  as  Raja^  Mormyrus,  and  Gymnotus. 


Fig.  X. — General  view  of  Gymnarckus  niloticus,  (Drawn  from  a 
lantern  slide  made  from  a  figure  in  Jordan's  "Guide  to  the  Study 
of  Fishes."    New  York.  1905.) 

Fritsch  (19)  in  1885  worked  on  better  material  and  gave  a  more  com- 
plete account  of  the  anatomy  of  the  organ,  especially  of  the  histology  of  the 
electroplax;  but  he  came  to  the  rather  strange  conclusion  that  it  was  not 
an  electric  organ  at  all,  assuming  the  erroneous  position  that,  on  account 
of  the  large  blood-supply,  the  organ  acted  in  some  way  as  a  storage  for 
oxygen  during  the  period  of  hibernation  made  necessary  by  the  drying  of 
waters  at  certain  seasons.     Fritsch  was  also  mistaken  in  calling  the  fibrous 


Fig.  2. — Scene  drawn  from  descriptions  to  illustrate  the  habitat  of  Gymnarckus  and  its  manner 
of  swimniins.   (Drawn  from  lantern  slide  made  from  a  drawing,  by  Bruce  Horsfall.) 

contents  of  the  electroplaxes  "connective  tissue."  He  went  a  great  deal 
farther  than  Erdl,  however,  in  describing  the  gross  anatomy  of  the  electric 
organs  and  surrounding  tissues. 

Not  having  full-grown  material,  the  writer  must  rely  on  Fritsch 's  figures 
and  descriptions  for  the  adult  gross  anatomy,  although  the  oldest  embryos 
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(about  42  days)  used  for  this  paper  represent  practically  adult  material 
so  far  as  the  histology  of  the  electroplaxes  is  concerned.  A  short  r6sum6 
of  the  adult  anatomy  will  make  a  good  basis  for  the  embryological  descrip- 
tions to  follow. 

The  fish  (see  text-fig.  i)  is  a  mormyrid  of  elongate  form,  so  much  so  as  to 
make  it  almost  eel-shaped,  although  not  quite  so  much  so  as  the  Gymnotus 
of  South  America.     It  possesses  an  extensive  development  of  the  dorsal 
fin,  which  extends  from  forward  on  the  neck  to  within  a  short  distance 
of  the  tip  of  the  tail,  where  it  suddenly  stops,  leaving  the  tip  of  the  tail 
naked  of  fin;  whence  the  name  of  the  fish,  Gymnarchus  niloticus.    This 
heavy  fin,  well  provided  with  a 
series  of-  lateral   ray-muscles,   is 
used  extensively  by  the  fish  as  a 
means  of  propulsion,  by  holding 
the  body  straight  and  stiff  and 
causing  a  series  of  lateral  undu- 
lations to  pass  from  behind  for-  ^ti'i^t^^''^'^:^?'^^^^^. 
ward,  thus  driving  the  body  back-  *gSS  JSd'SdJ'  ^^'^1^. 
ward  (see  text-fig.  2)  or,  from  front  SlS^^rXSSi  Sto<to?  umZ 
to  rear,  which  causes  the  fish  to  'S^^^Jf'v^t^^i^ 
move  with  its  head  forward.     I  (After  Fritsch.)    x  unknown. 
have  not  heard,  but  I  presume 
that  in  moments  of  unusual  effort 
the  animal  can  swim  by  means  of 
the  common  sinuous  body-move- 
ments used  by  other  elongate  fishes, 
as  is  well  illustrated  in  the  eel. 

The  posterior  tip  of  the  creature's  body  is  interesting.  As  has  been 
mentioned,  this  end  is  free  from  the  fin  for  some  distance  (see  text-fig.  2). 
Also  it  is  round  in  section  and  ends  bluntly.  When  swimming  backwards 
the  animal  uses  it  like  a  finger  to  feel  its  way.  The  peculiar  round  and 
blunt  end  may  be  explained  by  the  fact  that  this  tip  contains  the  largest  and 
best-developed  portion  of  the  electric  organ,  which  fills  the  lateral  parts  of 
the  body  at  this  point  almost  to  the  exclusion  of  the  ordinary  muscle. 

As  Erdl  and  Fritsch  have  described,  the  electric  organ  consists  of  eight 
long  "tube-like"  or  cylindrical  structures,  four  on  each  side,  embedded  in 
the  muscle  tissue  as  close  to  the  median  bony  parts  as  a  little  connective 
tissue  in  between  will  permit.  Four  of  these  are  present  on  each  side 
(see  text-figs.  3  and  4),  and  they  may  be  called  in  order  from  above  down- 
ward, the  dor  sal  f  the  upper  middle ,  the  lower  middle  ^  and  the  ventral  cylinders, 
or  spindles,  of  the  electric  organ.  In  a  section  cut  through  the  body  at  a 
point  midway  between  tail-point  and  anus  (see  text-fig.  3)  the  dorsal  spindles 
are  to  be  found,  just  above  the  union  of  the  neural  spines  of  the  vertebrae, 
and  set  closely  together  with  only  the  dorsal  spine  and  some  connective  tissue 
between  them.    The  upper  median  spindles  are  more  widely  separated  by 
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the  neural  canal  and  its  contained  spinal  cord.  This  second  pair  of  spindles 
are  at  the  level  of  the  upper  part  of  the  spinal  cord.  The  lower  median 
spindles  are  found  much  below,  on  each  side  of  the  ventral  processes  of  the 
vertebra.  They  lie  at  about  the  level  of  the  caudal  artery  and  almost  as 
widely  separated  as  the  upper  median  pair.  Lastly,  the  ventral  pair  of 
spindles  are  found  just  below  the  latter  pair  and  slightly  below  the  level  of 
the  caudal  vein,  which  lies  between  them.  They  are  separated  a  little  less 
than  the  lower  median  pair  by  the  narrower  bony  structures  at  this  point. 


Upper  median 


Ventral    Lower  median 


Fig.  4. — Diagram  showing  longitudinal  position  and  extent  of  electric  spindles  in  Gymnarckus. 
Those  of  one  side  only  can  be  shown  in  figure. 

The  four  spindles  are  largest  in  diameter  in  the  tail,  especially  out  in  the 
thick,  finger-like,  naked  extremity.  From  this  part  they  taper  to  a  smaller 
size  as  they  go  forward  in  the  body  and  they  finally  become  thin  and  end  at 
points  in  the  neighborhood  of  the  anal  opening  (see  text-fig.  4).  All  are  not 
of  equal  length.  As  Fritsch  has  shown,  the  dorsal  organ  is  the  shortest  and 
extends  for  about  20  cm.  in  a  fish  of  89  cm.  length.  The  ventral  pair  reach 
for  about  5  cm.  further,  or  25  cm.  in  length  in  a  fish  of  the  same  size.  The 
two  median  spindles  reach  for  about  40  cm.  from  the  tip  of  the  tail. 

E^ch  spindle  is  marked  off  clearly  from  the  neighboring  muscle,  and  other 
tissues  which  are  found  next  to  it,  by  a  distinct  connective-tissue  covering. 
In  my  largest  specimen,  which  is  a  young  fish  of  40  days,  this  is  well  shown 
and  is  exactly  like  other  dividing  connective-tissue  sheaths  that  surround 
the  various  muscle  divisions.  Like  them,  it  often  contains  pigment  cells 
which  show  golden-brown  pigment  granules. 

The  important  contents  of  these  spindles  are  alternate,  cylindrical 
segments  of  a  denser,  deeper-staining,  muscle-like  substance,  the  electro- 
plaxes;  and  a  connective  tissue  of  jelly-like,  grayish  transparence  which  in 
all  ways  appears  to  be  similar  to  the  "electric  connective-tissue"  found 
between  the  electroplaxes  in  the  other  electric  fishes.  In  this  tissue  are 
found  the  blood-supply,  which  is  largely  in  contact  with  the  ends  of  the 
electroplaxes,  principally  the  anterior  end;  and  the  nerve-supply  of  thick, 
meduUated  fibers  which  run  towards,  and  are  attached  to,  the  posterior 
ends  of  these  organs.  In  this  case,  according  to  both  Pacini's  law  and  the 
fish's  relationship  to  Mormyrus,  the  direction  of  the  current  at  time  of 
discharge  should  be  from  tail  towards  the  head.  I  have  been  unable  to 
learn,  from  the  literature  of  travelers  and  scientific  collectors  and  observers, 
if  the  electric  discharge  is  strong  enough  to  be  felt  by  the  hand.  Budgett 
does  not  mention  it,  and  no  other  does,  so  I  conclude  that  it  is  not  a  strong 
shock  and  that  the  organ  must  be  classed  with  the  weak  electric  organs. 
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as  is  the  case  with  its  relatives,  the  various  mormyrids.  The  natives  of 
Africa  are  much  afraid  of  the  creature,  especially  at  nesting  time,  and  one 
of  its  Arabian  names,  "Abu  rhad"  meaning  "father  of  thunders,"  might 
seem  to  indicate  perceptible  electric  powers. 

The  embryos  and  young  fishes  put  at  my  disposal  by  Dr.  Kerr  and  Dr. 
Assheton  were  five  in  number,  and  of  these  three  were  the  suitable  stages 
from  which  thb  paper  was  worked  out.  The  significant  development  of 
the  electric  tissues  in  Gymnarchus  takes  place  between  the  ninth  day  of 
embryonic  life,  at  which  time  the  embryo  possesses  a  fully  formed  and 
complete  musculature  in  the  tail  with  no  sign  of  an  electric  organ,  and  the 
fortieth  day  of  development,  at  which  time  it  can  be  seen  that  the  embryo 
has  developed  its  electric  organs,  out  of  a  certain  part  of  the  previous  muscu- 
lature in  the  tail,  to  a  degree  that  shows  the  farthest  advanced  electro- 
plaxes  in  a  practically  adult  condition. 

The  most  interesting  and  critical  stages  in  this  metamorphosis  of  muscle 
into  electroplax  appear  to  take  place  within  much  closer  limits,  and  stages 
from  the  eleventh  to  the  fifteenth  day  would  include  them.  These  signifi- 
cant changes  have  been  studied  and  drawn  principally  from  an  embryo 
12  days  of  age,  fixed  in  sublimate-acetic,  and  showing  the  changes  very 
much  to  my  satisfaction.  A  point  of  interest  and  importance  in  this  study 
is  that,  in  earlier  embryos,  the  myotomes  and  electric  spindles  are  youngest, 
least  developed,  and  growing  fastest  in  the  posterior  part  of  the  body  or 
nearest  the  tip  of  the  tail;  while  in  older  embryos  and  in  the  adult  the 
greatest,  most  complete,  and  most  characteristic  development  of  the 
electroplaxes  is  to  be  found  in  the  end  of  the  tail  or  at  the  posterior  end  of 
the  spindle.  Thus  the  adult  structures  in  the  anterior  part  of  the  spindles 
represent  a  somewhat  inferior  and  less  complete  change  of  the  muscle  tissue 
into  electric  tissue  than  the  posterior  parts  of  the  same  oi^ans  do. 

The  same  importance  attaches  to  the  fact  that  the  rates  of  development 
of  the  several  spindles  seem  to  vary.  The  lower  median  spindle  starts 
first  to  differentiate,  extends  farthest  forward  in  the  body,  is  larger  than  the 
others  when  developed,  and  during  early  development  is  always  in  advance 
of  the  corresponding  parts  of  the  other  spindles.  The  upper  median  spindle 
closely  follows  the  lower.  The  ventral  spindle  is  much  behind  the  two 
median  ones,  while  the  dorsal  spindle  represents  the  latest  and  weakest 
development  and  is  shorter  than  any  of  the  others.  These  facts  have  made 
it  possible  in  the  present  study  to  get  many  stages  of  development  from 
very  few  embryos. 

STUDIES  OF  AN  EMBRYO  NINE  DAYS  OF  AGE. 

This  little  fish  was  26  mm.  in  length  and,  while  the  ^^g-membrane  had 
been  ruptured  and  cast  away,  the  animal  was  still  forced  to  remain  in  its 
nest  because  of  its  huge,  elongate  yolk-sac,  still  unabsorbed,  and  because 
of  its  otherwise  imdeveloped  organs  of  alimentation,  locomotion,  etc. 
The  posterior  part  of  the  body  was  carefully  cut  into  four  portions  (see 
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text-fig.  5)  to  be  sectioned  as  follows:  First,  from  in  front  of  the  anus  to  a 
point  about  26  vertebral  segments  posteriorly.  The  last  three  segments 
of  this  portion  were  sectioned  transversely  and  serially  (region  Ai)  while 
the  remaining  anterior  part  was  sectioned  vertically  and  longitudinally 
(region  A).  Another  portion  of  19  vertebral  s^^ments  further  caudad  was 
removed  and  its  posterior  two  s^ments  sectioned  transversely  (region  JBi), 
while  the  anterior  part  was  cut  as  before  in  vertical,  longitudinal  sections 


Fig.  $. — Outline  of  body  of  an  embryo  of  Gymnarduis  nine  days  old.  Transverse 
Unet  and  letters  indicate  parts  sectioned  for  study.  For  explanations  see 
text.    (Copied  from  Assheton  in  'The  Work  of  John  Samuel  Budgett.")    X  5< 

(region  JB).  A  third  part,  of  18  more  vertebral  segments,  was  treated  in 
the  same  way,  except  that  no  transverse  sections  were  taken  and  the  entire 
piece  was  cut  vertically  and  longitudinally  (region  C),  while  the  remaining 
portion  or  tail-tip  was  cut  serially  in  transverse  sections  and  forms  a  series 
(region  D). 

Figure  i,  plate  i,  shows  a  transverse  section  through  the  body  a  rather 
short  distance  from  the  extremity  of  the  tail  or  at  a  point  where  we  are  sure 
that  the  electric  organ  will  be  well  developed  a  little  later  in  life.  It  may 
be  thought  that  such  a  section  could  be  taken  for  study  to  better  advantage 
in  a  more  anterior  position  on  account  of  the  earlier  anterior  development 
just  discussed,  but  it  must  be  taken  into  account  that  the  tail  segments  are 
being  added  and  are  still  growing  rapidly  at  this  age,  that  they  are  very 
short  and  very  crowded,  and  therefore  the  location  of  this  section  is,  in 
reality,  fairly  well  forward  in  the  future  electric  spindles.  Conditions  were 
much  the  same  in  region  C. 

This  section  shows  a  good  development  of  muscle  fibers  as  indicated 
by  the  shaded  area.  As  is  usual  in  vertebrates,  the  most  advanced  stages 
of  muscle-cell  development  are  to  be  seen  at  the  lateral  periphery  of  the 
myotome.  Here,  at  the  point  indicated  in  figure  i ,  plate  i ,  by  the  dotted  line, 
a  layer  of  the  outer  muscle  cells,  two  or  three  deep,  has  acquired  an  average 
of  about  26  myofibrils  (an  average  of  14  counts).  These  are  grouped  in  one 
(fig.  2,  plate  I,  B  and  C)  or  sometimes  two  bundles  in  the  cell  (fig.  2,  plate  i, 
A)  and  their  correct  spacing  and  their  thickness  and  staining  power  indicate 
muscle  cells  of  normal  development  and  good  functional  activity.  The 
remaining  and  inner  muscle  cells  of  the  myotome,  forming  its  larger  bulk, 
show,  as  one  examines  them  successively  farther  inward  (toward  the  median 
line),  a  series  of  earlier  stages,  until  at  many  points  on  the  inner  edge  of  the 
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myotome  the  smallest  cells  are  seen  with  large  nuclei  and  no  myofibrils  at  all 
(fig.  2,  plate  I,  C).  These  youngest  cells  are  particularly  abundant  at  the 
dorsal  and  ventral  edges  of  the  myotome. 

From  what  we  know  of  the  position  of  the  future  electroplaxes  and  their 
relation  to  the  muscle-masses,  we  can  be  sure  that  it  is  from  the  inner  edge 
of  the  myotome  that  the  electric  tissue  is  to  come,  and  a  close  scrutiny  of 
the  cells  which  form  this  edge  shows  that  at  two  points  only  is  there  any 
indication  of  such  a  development. 

One  of  these  points,  marked  with  a  circle  ( e )  in  figure  i ,  plate  i ,  is  where 
^the  two  myotome  segments  (dorsal  and  ventral)  meet  and  close  in  against 
the  notochord.  Here  we  see,  in  some  of  the  sections,  several  especially 
large  and  strongly  developed  fibers,  somewhat  detached  from  the  rest  of 
the  myotome  and  resting  against  the  vertebral  disk.  Several  reasons  exist, 
however,  why  these  fibers  do  not  represent  the  future  electric  organ.  First, 
they  are  in  the  exact  median  position  which  remains  constant  during  g^wth 
and  in  which  no  electric  tissue  is  to  appear.  Second,  they  are  very  short 
and  are  not  attached  to  each  other  longitudinally,  as  other  fibers  are,  by 
means  of  connective  tissue,  but  are  attached  to  the  bodies  of  the  future 
vertebra.    They  may  be  called  the  vertebral  fibers. 

A  second  point  can  be  seen  where  some  muscle-tissue  shows  unusual 
development.  At  this  point  (marked  with  a  circle  (O)  in  fig.  i,  plate  i)  are 
several  muscle  cells  which  show  from  10  to  18  myofibrils  each,  and  a  degree 
of  development  almost  equal  to  the  cells  in  the  outer  layer.  These  cells 
are  represented  as  seen  under  high  magnification  in  figure  3,  plate  i.  They 
are,  I  believe,  destined  to  be  the  future  electric  cells,  several  of  which  will 
unite  and  form  one  of  the  electroplaxes  of  the  lower  median  spindle  of  the 
electric  organ.  I  base  this  assertion  only  on  their  position  and  their  some- 
what  advanced  development  as  muscle  fibers,  for  they  show  at  this  time  no 
indication,  other  than  their  size,  of  developing  into  electric  tissue. 

Their  position  is  slightly  too  far  dorsal  for  the  lower  spindle,  in  an  adult 
Gymnarchus,  but  when  we  examine  the  12-day-old  and  42-day-old  stages, 
we  find  that  the  normal  growth  of  the  muscle-mass  will  carry  this  point  to 
exactly  the  proper  position  for  that  spindle  to  lie  at,  in  the  grown  fish. 

An  important  point  in  studying  these  cells  in  figure  3,  plate  i,  is  to  note 
that  they  are  separated  from  the  rest  of  the  myotome  and  from  one  another 
by  other  muscle  cells  of  weak  or  of  earlier  development  and  containing  only 
a  few  myofibrils.  These  weaker  cells,  and  even  some  of  the  more  advanced 
ones,  are  destined  to  degenerate  during  the  development  and  growth  of 
the  electroplax.  In  figure  3,  plate  i,  7  cells  are  present  that  will  probably 
take  part  in  the  formation  of  the  electric  spindle  at  this  point.  Some  of 
them  are  contiguous  and  others  are  widely  separated. 

In  figure  4,  plate  i,  we  have  a  fortunate  longitudinal  section  from  the 
adjacent  region  of  this  same  embryo.  The  section  shows  in  longitudinal 
view,  and  under  low  magnification,  the  same  group  of  muscle  cells  marked 
with  the  circle  (O)  at  both  ends.    Also,  it  shows  a  portion  of  the  ventral 
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part  of  the  myotome  with  its  strongly  developed  outer  layer  (o.f.).  The 
vertebral  fibers  mentioned  above  are  not  visible,  but  their  position  in  a  few 
following  sections  is  indicated  by  a  line  one  can  imagine  to  be  drawn 
between  the  points  marked  with  the  figure  ®.  It  has  been  considered 
unnecessary  to  figure  the  myofibrils  longitudinally  under  large  magni- 
fication. The  cross-striation  is  very  plainly  visible  and  is  the  same  in  all 
parts.  Each  of  several  regions  of  this  embryo  was  examined  and  in  all  its 
parts  were  the  same  conditions  found.  We  may  sum  up  by  stating  that  the 
embryo  of  9  days  age  shows  no  electric  tissue  ami  but  a  very  weak  indication 
of  the  devdopment  of  such  a  tissue,  all  of  the  myotome  cells  being  decidedly 
of  the  muscular  type.  Our  only  evidence  is  drawn  from  future  stages,  as 
to  the  position  of  such  electric  tissues  and  from  the  othan¥ise  unexplained 
precocity  of  the  fibers  in  our  9-day  embryo,  in  that  same  position. 

STUDIES  OF  AN  EMBRYO  TWELVE  DAYS  OF  AGE. 

This  animal  (text-fig.  6)  showed  a  considerable  increase  in  size,  not  so 
much  in  length  as  in  thickness.  The  posterior  part  of  the  body  of  this 
specimen  was  divided  into  the  following  pieces:  First,  from  a  short  dis- 
tance behind  the  anus  to  14 
vertebral  segments  further 
caudad.  Two-and-one-half 
s^^ments  were  cut  off  of  this 
by  serial,  transverse  sections 
from  the  posterior  end  (re- 
gion -4  —  1)  and  the  remaind- 
er was  cut  into  vertical,  lon- 
gitudinal sections  from  right 
to  left  (region  A).  Second, 
15  segments  more  were  re- 
moved and  3  s^ments  of 
the  posterior  end  were  again 
cut  as  serial,  transverse  sections  (region  JBi)  and  the  remaining  12  segments 
were  cut  serially  in  horizontal,  longitudinal  sections  (region  B).  Third,  14 
segments  were  again  cut  off  and  the  posterior  3  s^^ments  were  cut  trans- 
versely (region  Ci),  while  the  remainder  was  cut  in  vertical,  longitudinal  sec- 
tions (region  C).  The  next  18  vertebral  segments  formed  a  piece  that 
was  cut  in  vertical,  longitudinal  sections  (region  -D),  without  any  transverse 
sections  being  made,  and  this  left  a  small  bit  of  somewhat  curled  tail-tip» 
which  was  so  young  in  development  that  its  segments  could  not  be  easily 
counted.    This  is  cut  transversely  in  series  (region  E). 

Study  of  this  embryo  may  best  begin  by  examining  a  transverse  section 
through  the  posterior  part  of  the  body  (fig.  5,  plate  2)  to  see  what  has 
become  of  the  inner  parts  of  the  myotomes.  Looking  first  for  the  point 
L.M.  as  seen  before  in  figure  i,  plate  i  (marked  with  O),  we  can  see  at  once 
that  it  is  present  as  a  compact  mass  of  muscle-like  tissue  now  cleariy 


Fig.  6. — Diagram  of  body  of  an  embryo  of  Gywmartkus  la  dasrt 
old.  Lines  and  letters  indicate  the  regions  studied.  For  ex- 
planations see  text.  (Copied  from  the  same  source  as  fig.  5  •) 
X  about  3<a5' 
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separated  from  the  rest  of  the  myotome.  Further,  there  are  to  be  seen  on 
each  side  three  other  similar  sections  of  the  same  muscle-like  tissue,  all 
more  or  less  also  separated  from  the  main  mass  of  the  myotome.  The  most 
important  part  of  our  study  now  consists  on  the  one  hand  in  proving  that 
this  mass  L.M,,  in  figure  S,  plate  2,  is  derived  from  the  undoubted  muscle- 
fibers  (marked  with  O),  as  seen  in  figure  i,  plate  i,  and  on  the  other  hand  in 
showing  that  this  same  structure  is  to  become  the  finished  electric  tissue  as 
seen  in  such  advanced  development  as  in  figure  21,  plate  8,  for  instance. 

In  tracing  it  back  to  the  muscle,  we  are  much  assisted  by  the  fact  that 
the  dorsal  and  ventral  spindles  are  always  in  an  earlier  or  in  a  less  complete 
stage  of  development  than  the  upper  middle  spindle,  or,  particularly,  the 
lower  middle  spindle  under  consideration.  And,  since  in  this  embryo  of  12 
days  the  development  has  gone  to  considerable  length,  and  since  a  slightly 
younger  stage,  say  a  10-  or  ii-day  embryo,  was  not  included  among  the 
embryos  at  my  disposal,  this  fact  is  of  much  importance,  because  it  will  be 
fair  to  take  the  left  ventral  spindle  as  an  intermediate  step  in  the  compari- 
son. Figure  9,  plate  3,  is  a  highly  magnified  section  of  the  locality  of  the 
left  ventral  spindle  from  region  C  in  the  embryo  of  12  days,  and  in  it  we  can 
see  a  mass  of  muscle-like  cells,  closely  associated  and  lying  at  the  inner 
edge  of  the  myotome.  Certain  changes  clearly  differentiate  them  from  the 
rest  of  the  muscle,  however.  One  change  is  the  fact  that  the  myofibrils 
have  shown  a  large  diminution  in  size  or  thickness  and  have  also  suffered  in 
power  to  take  the  stain;  (particularly  on  the  periphery  of  some  of  the  muscle- 
columns  they  almost  refuse  to  take  it.  Their  spacing  is  also  irregular  and 
they  show  a  distinct  tendency  to  clumping  together  and,  in  some  cells,  to 
get  close  to  the  nucleus  or  even  to  surround  it.  They  can  be  readily  com- 
pared in  figure  9,  plate  3,  with  the  well-developed  young  muscle  cells  just 
outside  and  to  the  left  of  them.  The  dotted  line  marked  XX  indicates  a 
separation  of  the  two.  All  of  those  to  the  right  of  this  line  show  the  con- 
dition of  the  myofibrils  mentioned  above;  those  to  the  left  show  the  usual 
condition  of  muscle  cells  of  this  age  in  fishes. 

A  second  characteristic  of  the  changing  muscle  cells  under  discussion 
is  in  their  cytoplasm.  It  appears  more  abundant,  although  this  may  be 
due  to  the  smaller  fibril  bundles.  But  it  also  stains  more  heavily  with 
such  stains  as  eosin,  erythrosin,  and  orange  G.  With  the  eosin,  for  example, 
it  also  shows  a  more  yellowish  tinge  than  the  cytoplasm  of  the  usual  muscle 
cells  in  the  same  sections.  And  lastly,  some  of  the  muscle  cells  seem  to 
have  entirely  disappeared  or  to  have  greatly  shrunken.  This  latter  fact 
causes  a  loose  and  separated  condition  to  obtain  among  the  metamorphosing 
cells  which  shows  in  sharp  contrast  (fig.  9,  plate  3)  to  the  compact  con- 
dition seen  in  the  typical  muscle  cells  to  the  left  of  or  outside  of  the  line  XX. 

Another  important  fact  can  be  seen  among  the  changing  cells  in  figure 
9.  Those  near  the  center  of  the  g^up  show  a  tendency  to  touch  or 
coalesce  with  each  other.  Already  at  this  early  stage  this  marks  a  differ- 
ence in  the  group.    Those  cells  within  the  dotted  circle  are  destined  to 
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unite  with  one  another  in  a  compact  bundle  to  form  the  future  electroplax; 
while  those  of  the  group  which  lie  outside  of  the  dotted  ring  are  to  d^^enerate 
and  atrophy  altogether,  in  order  to  make  room  for  the  growing  electroplax. 
Just  mediad  of,  or  to  the  right  of,  the  dotted  ring  is  seen  a  cell  that  has 
entirely  lost  its  myofibrils  and  whose  cytoplasm  is  vacuolated  and  about  to 
be  absorbed.  At  other  points,  to  the  left,  still  other  cells  can  be  seen  that 
have  dwindled  to  a  smaller  size  than  any  of  the  normal  muscle  cells.  The 
cells  within  the  ring  are  judged  by  the  writer  to  be  those  which  will  form 
the  electroplax  at  this  point,  because  they  are  starting  to  unite  and,  also, 
because  they  occupy  the  position  at  which  the  electroplax  will  lie.  Another 
reason  is  that  their  myofibrils  are  weakening  and  clumping.  Some  of  those 
cells  lying  inside  of  the  ring  may  also  atrophy.  This  can  not  be  infallibly 
judged;  but  certainly  all  of  those  outside  of  it  and  to  the  right  of  the  line 
XX  are  about  to  d^:enerate  and  are  not  found  in  later  stages. 

The  connective  tissue  creeps  into  the  neighborhood  of  and  among  these 
metamorphosing  muscle  cells  at  this  time,  and  good  mitotic  figures  can  be 
seen,  showing  that  it  is  increasing  the  number  of  its  cells.  It  does  not, 
however,  penetrate  the  groups  of  future  electric  cells  inside  the  dotted  line. 
Also  blood,  pigment,  etc.,  are  to  be  seen  in  characteristic  positions. 

A  transverse  section  of  the  body  at  region  JBi  need  not  be  illustrated  at 
this  point  by  a  low  magnification  figure,  because  it  is  so  like  figure  5,  plate  2, 
in  general  appearance.  But  it  happens  that  in  such  a  section  several  very 
interesting  stages,  forming  a  sequence  of  which  figure  9,  plate  3,  can  be  taken 
as  the  first  member,  were  noticed,  and  figure  10,  plate  3,  is  the  second  in 
this  series.  This  drawing  represents  the  right  ventral  spindle  in  region  5i, 
and  a  number,  five  to  be  exact,  of  the  transforming  cells  can  be  seen  here  in 
closer  union  than  the  corresponding  cells  were  in  figure  9,  plate  3.  One  or 
possibly  two  of  these  may  disintegrate  a  little  later.  A  dotted  ring  is  not 
necessary,  because  the  connective-tissue  cells  have  partly  marked  off  the 
electric  cells,  and  outside  of  this  incomplete  ring  and  above  it  can  be  seen 
two  muscle  cells  which  are  atrophying.  A  third  cell  is  shown  in  a  final 
stage  of  disintegration.  Its  cytoplasm  is  almost  clear,  or  all  gone,  and  its 
myofibrils  have  united  in  a  single  lump,  which  will  soon  become  a  round 
droplet  or  cell-inclusion  that  will  afterwards  disappear. 

Moving  to  the  right  upper  middle  spindle  (fig.  11,  plate  3),  we  need  very 
little  explanation  to  see  how  the  four  or  more  muscle  cells  that  first  com- 
posed this  structure  have  come  into  a  still  closer  union.  Below  and  to  the 
right  (outer)  are  still  seen  some  of  the  degenerating  muscle  cells — ^five  in 
this  figure. 

'  Several  important  points  must  be  discussed  in  connection  with  this 
figure;  the  component  cells,  as  seen  here,  are  not  simple,  single  muscle 
fibers.  The  lower  one  can  easily  be  seen  to  have  two  myofibril  bundles  as 
well  as  two  nuclei.  The  presence  of  two  widely  separated  fibril  bundles, 
as  well  as  the  large  size  of  the  cell,  makes  it  nearly  certain  that  the  structure 
was  formed  by  the  coalescence  of  two  muscle  fibers.     In  the  upper  region 
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of  the  future  electroplax,  however,  a  large  cell  is  seen  which  has  only  one 
fibril  bundle  and  four  nuclei.  It  is  possible  here  that  this  was  one  cell  and 
that  it  is  growing  in  size  and  multiplying  its  nuclei  by  amitotic  division. 
As  this  is  the  same  process  which  goes  on  in  ordinary  muscle  cells  of  this 
age,  it  is  not  surprising  to  find  it  going  on  here,  and  in  older  specimens  we 
shall  find  it  the  rule.  The  cytoplasm  of  all  these  electric  cells  is  abundant 
at  this  stage  and  is  dense  staining  with  the  add  dyes. 

As  compared  with  figure  11,  plate  3,  the  next  illustration,  figure  7,  plate 
2,  is  most  interesting  and  is  a  step  of  some  magnitude  in  the  development 
of  the  electroplax.  The  cytoplasm  of  such  cells  as  compose  this  young 
electroplax  is  all  united  into  a  single  mass  and  the  relation  of  nuclei  to  fibril 
bundles  is  completed.  The  nuclei  are  always  peripheral  and  the  fibril  bun- 
dles appear  to  form  a  single  central  mass.  This  is  the  permanent  condition 
which  will  obtain  throughout  the  life  of  the  organ,  and  is  also  the  condition 
common  to  some  other  electroplaxes,  as,  for  instance,  Raja  and  Mormyrus. 

Just  how  the  several  fibril  bundles  become  massed  as  a  single  bundle  is 
not  to  be  positively  stated  at  this  time.  The  individual  bundles  can  hardly 
be  imagined  as  moving  together  through  the  cytoplasm.  It  is  probable 
that  some  of  the  several  bundles  as  seen  in  figure  11,  plate  3,  are  lost  and 
absorbed,  but  it  is  not  probable  that  all  but  one  are  so  removed.  The  central 
bundle  in  figure  7,  plate  2,  looks  large  enough  to  be  composed  of  several, 
such  as  are  seen  in  figure  11,  plate  3^  The  best  explanation  is  that  several 
remaining  bundles  are  moved  toward  each  other  by  g^wth  currents  in  the 
cytoplasm,  or  by  the  absorption  of  material  which  lies  between  them.  At 
the  same  time,  of  course,  the  peripheral  cytoplasm  is  growing  in  mass  and 
all  nuclei  tend  to  remain  in  this  external  layer.  We  shall  see  later  that  a 
very  few  nuclei  are  left  behind  in  the  central  fibrous  mass  in  some  electro- 
plaxes. 

In  figure  7,  plate  2,  we  see,  plainly  and  indubitably,  the  first  form  of 
the  electroplax  as  found  in  older  fishes. 

The  connective  tissues  which  surround  the  electroplax  are  becoming 
more  decided  in  figure  7,  plate  2.  Also  blood-vessels  and  pigment-cells  are 
oftener  seen  as  in  this  drawing.  One  muscle  cell,  with  its  myofibrils  clotted 
into  several  irregular  masses  and  its  nucleus  in  an  advanced  stage  of  dis- 
integration, is  seen  just  between  the  lower  end  of  the  pigment-cell  and  the 
electroplax. 

It  will  be  well  at  this  point  to  examine  some  of  the  longitudinal  sections 
of  these  early  stages,  in  order  to  make  clear  several  points  which  can  not 
be  so  well  studied  in  the  transverse  views. 

Figure  12,  plate  4,  is  a  low  magnification  picture  (X  140)  of  6s^ments 
of  the  caudal  part  of  the  body  at  region  D  in  this  12-day  embryo.  Only 
the  dorsal  part  of  the  body  is  shown,  where  a  fortunate  slant  of  the  section 
has  permitted  the  knife  to  pass  through  both  the  dorsal  and  the  upper 
median  spindles  at  the  same  time.  The  drawing  is  an  accurate  projection 
from  three  different  sections,  so  that  all  parts  of  each  spindle  might  be 
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shown,  as  well  as  their  relations  to  the  rest  of  the  myotomes.  Bracket 
No.  I  (zone  i)  in  this  figure  indicates  the  inner  tips  of  the  ventral  halves  of 
the  myotomes.  Zone  3  shows  a  mass  of  connective  tissue  and  nerve  which 
runs  between  these  two  halves  (compare  fig.  5,  plate  2,  Conn  T.).  Zone  3 
embraces  the  inner  tips  of  the  dorsal  myotomes  where  they  lie  between 
the  upper  median  spindle  and  the  horizontal  connective-tissue  septum. 
It  will  be  noticed  that  this  set  of  muscle  fibers  appears  to  be  very  short, 
much  shorter  than  the  connective-tissue  regions  between  them  (not  filled 
out  in  this  drawing).  The  reason  can  be  seen  at  once  when  these  same 
muscle  cells  are  examined  under  the  high  power  (fig.  15,  plate  5,  bracket  3; 
and  fig.  6,  plate  2),  wh&re  it  is  apparent  that  they  are  d^:enerating  fibers. 
Parts  of  four  of  these  fibers  are  shown  in  figure  15,  plate  5,  and  that  one 
nearest  the  electric  tissue  which  is  represented  in  figure  15,  plate  5  (brackets 
4  and  4i),  is  the  farthest  gone,  having  lost  its  myofibrils  altogether.  The 
nuclei  are  also  dbtorted  and,  besides  the  single  large  nucleolus,  are  noticeably 
empty  of  any  chromatic  matter  or  even  of  linin  (notice  the  nuclei  of  healthy 
muscle  and  electric  tissue).  The  next  fibers  to  the  left  in  this  figure  serve 
well  to  show  how  the  d^;eneration  takes  place  from  the  ends,  where  the 
cytoplasm  is  gathered  in  heavy  lumps  which  stain  light  and  yellowish  with 
eosin.  In  fact,  there  is  a  singular  similarity  between  the  process  of  degen- 
eration of  these  muscle  cells  and  the  transformation  of  the  others  into  the 
electric  tissue.  Above,  in  zone  3,  is  a  rounded  cell  which  I  take  to  be  a 
muscle  cell  in  a  final  stage  of  dissolution.  It  contains  large  granules  of  a 
chromatic  substance,  which  appear  to  be  the  remains  of  myofibrils.  Figure 
6,  plate  2,  also  represents  three  fibers  from  this  same  region  in  anotho* 
myotome  and  shows  three  stages  of  the  degeneration  of  the  muscle.  Two 
of  them  indicate  that  the  d^;eneration  beginb  in  the  middle  of  the  fiber. 

Zones  4  and  5  in  figure  15,  plate  5,  as  well  as  in  figure  12,  plate  4,  show  the 
young  electric  tissue  of  the  upper  median  spindle.  Let  us  first  consider  this 
tissue  in  figure  12,  plate  4,  where  we  can  get  a  lai^er,  low-powered  view  of 
it.  In  the  first  place,  the  most  noticeable  feature  of  the  electric  tissue  here 
is  that  it  shows  scarcely  any  signs  of  a  division  into  the  original  myotomes. 
A  trace  of  this  is  seen  in  zone  4,  but  in  a  careful  and  systematic  search 
through  a  number  of  the  spindles  of  this  stage  very  few  instances  could  be 
noted.  Even  the  myofibril  bundles  of  successive  myotomes  seem  to  have 
united,  and  these  bundles  were  most  carefully  examined  under  a  Zeiss  2  mm. 
1.40  ap.  lens.  I  have  no  doubt  that  each  spindle  does  constitute  a  con- 
tinuous reticulum  of  muscle  cells  at  this  period.  Laterally,  the  various 
muscle  cells  are  not  continuously  united,  but,  as  is  shown  in  figure  15,  plate  5, 
they  are  united  at  a  number  of  points  much  in  the  way  that  some  heart- 
muscle  fibers  are. 

The  myofibrils  are  best  seen,  of  course,  in  these  longitudinal  sections, 
and  it  can  be  seen  that  they  are  typical.  The  transverse  striation  is  as 
perfect  as  in  the  functional  muscle,  but  owing  to  the  slighter  fibrils  they  are 
not  quite  so  dark.     In  the  upper  median  spindle  of  figure  15,  plate  5,  some 
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points  were  found  where  this  striation  was  slightly  weakened.  Cases  of 
relaxation  and  semi-contraction  uniformly  characteristic  of  the  normal 
muscle  prevailed.  The  distances  between  the  bands,  as  well  as  the  length 
of  the  anisotropic  parts,  was  the  same  as  in  ordinary  muscle  and  remains 
as  long  as  striation  can  be  seen.  This  same  fact  does  not  hold  true  in  Raja 
or  in  AstroscopuSf  where  it  is  much  shortened.  It  does  hold,  however, 
in  Mormyrus,  which  is  closely  related  to  Gymnarchus. 

The  longitudinal  sections,  shown  in  figure  12,  plate  4,  and  figure  15,  plate 
5,  correspond  to  the  spindles  before  it  has  become  possible  to  see  that  they 
have  s^^mentally  divided  into  electroplaxes  and  before  a  central  core  of 
fibrous  material  has  become  definitely  differentiated  from  a  superficial  layer 
of  cytoplasm  containing  all  of,  or  nearly  all  of,  the  nuclei. 

We  will  now  advance  toward  the  head  of  this  same  specimen,  to  find 
material  in  a  more  advanced  stage  of  development,  in  order  to  study  the 
s^mentation  of  the  embryonic  spindle  into  its  individual  electroplaxes 
(this  segmentation  has  just  been  described  as  absent  in  fig.  12,  plate  4), 
and  to  study  further  the  differentiation  of  the  inner  fibrous  core  from  the 
outer  layer,  and  lastly  to  see  how  the  myofibrils  lose  their  transverse  stri- 
ation (muscle  striation).  The  reader  will  remember  that  at  this  stage  the 
anterior  electroplaxes  are  in  advance,  developmentally,  of  the  posterior  ones. 
Figure  13,  plate  4,  shows  four  vertebral  segments,  taken  from  the  region  C 
of  this  same  embryo,  under  low  magnification.  Bracket  i  embraces  the 
zone  of  the  epithelium.  No  connective  tissue  is  shown.  Between  the 
muscle-zones  2  and  4  lies  the  zone  of  the  long,  narrow,  embryonic  electric 
spindle,  marked  by  bracket  3.  It  is  the  lower  median  spindle  which  is 
shown,  one  which  is  always  in  advance  of  all  the  others  in  development. 
In  this  figure  it  becomes  quite  plain  that,  while  the  muscle  tissue  is  arranged 
s^mentally  to  correspond  to  the  vertebra,  the  electric  organ  is  not.  In 
this  case  the  electric  spindle  is  separated  transversely  by  connective  tissue 
into  three  segments,  instead  of  four.  Nor  is  this  proportion  always  main- 
tained among  the  several  electric  spindles  themselves. 

In  some  cases,  as  will  be  seen  later,  a  single  electroplax  corresponds  to 
as  many  as  five  vertebrae.  Even  the  electroplaxes  do  not  correspond  with 
each  other.  A  subsequent  figure  will  also  demonstrate  this  (fig.  23,  plate  9). 
Just  what  factors  do  determine  the  length  of  the  electroplax  I  am  unable 
to  say.  A  closer  study  of  the  nerve  distribution  and  blood-supply  may 
throw  some  light  on  the  matter. 

The  transverse  sections  of  the  stages  represented  in  figure  13,  plate  4,  do 
not  show  anything  of  interest  over  and  above  what  was  discussed  in  con- 
nection with  the  conditions  seen  in  figures  9, 10,  and  11,  plate  3,  and  figure  7, 
plate  2.  We  will,  therefore,  advance  toward  the  head  one  step  further  in 
this  embryo  and  examine  a  longitudinal  section  from  the  region  marked  B 
in  text-figure  6.  Here  (fig.  17,  plate  6)  the  electric  tissue  is  seen  in  what  may 
be  considered  as  its  maximum  development  in  this  12-day  embryo.  The 
electroplaxes  are  distinct  from  each  other  and  have  grown  considerably  in 
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size.  The  one  selected  for  illustration  is  from  a  lower  median  spindle  and 
shows  an  actual  length  of  0.9  mm.  It  appears  with  smooth,  well-defined 
boundaries  and  good  separation  of  core  and  outer  layer.  The  myofibrils 
are  shown  in  the  core  as  several  closely  associated  bundles,  only  to  be 
distinguished  from  one  another  by  a  slight  curving  and  twisting  in  their 
course.  This  would  not  be  visible  in  a  transverse  section  at  most  levels  in 
the  electroplax,  and  it  gives  strength  to  the  view,  expressed  before,  that  the 
fibril  bundles  of  a  number  of  young  muscle  cells  combine  to  form  the  single 
fibrous  core  of  each  electroplax.  At  the  levels  examined  it  would  appear 
that  a  group  of  from  4  to  7  cells  from  each  myotome  is  concerned  in  the 
formation  of  any  electroplax  and  that  these  same  groups  of  from  2  or  3 
myotomes  are  likewise  united  end  to  end,  thus  making  it  possible  that 
from  12  to  21  muscle  cells  are  united  to  form  each  electroplax. 

The  beginning  of  the  loss  of  transverse  striation  is  quite  visible  in  figure 
1 7,  plate  6.  This  striation  merely  fades  or  loses  its  staining  power,  beginning 
at  several  points,  but  usually  at  the  middle  of  the  electroplax.  The  ends 
retain  the  staining  power  of  the  M  stripes  longest. 

The  multiplication  of  nuclei  must  be  spoken  of  at  this  point.  It  is 
well  known  that  the  nuclei  of  future  muscle  tissue  divide  by  mitosis  with  a 
consequent  and  subsequent  division  of  the  cell-body  as  long  as  the  cells  are 
in  the  young  myoblast  stage.  As  soon  as  muscle  differentiation  begins  to 
take  place,  the  mitotic  division  of  nuclei  is  changed  to  an  amitotic  type  of 
division  and  the  cell-body  ceases  to  divide  and  begins  to  lay  down  myo- 
fibrils. Some  few  observations  against  this  view  are  recorded,  but  it  seems 
to  hold  in  Gymnarchus. 

In  figure  15,  plate  5,  one  can  readily  see  many  cases  of  amitotic  nucleus 
division.  The  few  cases  of  mitosis  visible  in  the  figure  are  of  connective- 
tissue  cells.  Such  cells,  it  is  known,  always  divide  by  mitosis  during  their 
whole  existence.  As  the  electroplax  grows,  more  nuclei  are  needed,  and  they 
are  supplied  by  the  amitotic  divisions  above  mentioned.  Just  how  long  this 
process  keeps  up  is  not  known,  but  it  is  probably  mostly  done  before  the 
first  15  or  20  days  of  development  are  passed.  It  is  evidently  going  on 
fast  in  the  12-day  embryo,  and  it  is  possibly  finished  in  the  42-day  stage. 
The  nuclei  are  typical  muscle  nuclei  in  appearance  and  are  not  to  be  dis- 
tinguished from  the  nuclei  of  real  and  active  muscle  in  the  same  preparations, 
except,  perhaps,  they  are  slightly  larger  and  have  a  somewhat  heavier  chro- 
matic content  (larger  nucleolus  and  chromatic  granules).  This  does  not 
hold,  of  course,  for  the  degenerating  nuclei,  whose  differences  have  already 
been  described.  Connective-tissue  nuclei  can  at  once  be  distinguished  by 
their  delicate  outline  and  small  chromatin  content,  which  is  distributed  as 
very  small  granules. 

STUDIES  OF  A  LARVA  FORTY-TWO  DAYS   OLD. 

In  order  to  continue  tracing  this  history  of  the  development  and  growth 
of  the  electric  tissue,  we  will  now  be  obliged  to  pass  to  an  embryo  of  some 
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considerable  size  and  one  in  which  the  oldest  tissues  are  almost  the  same, 
for  an  understanding  of  the  adult  structure  as  those  of  a  fully  grown  fish 
would  be.  Text-figure  7  gives  an  outline  of  this  specimen,  which  was  about 
63  mm.  long  and  whose  tail  part  was  cut  off  and  divided  and  sectioned  as 
follows:  Beginning  at  about  the  level  of  the  anus,  a  portion  composed  of  6 
vertebral  segments  was  sectioned  in  a  vertical  and  longitudinal  direction 
(region  A) ;  then  passing  caudad,  the  next  2  segments  were  cut  transversely 
(region  Ai)\  then  the  next  12  were  cut  longitudinally  and  horizontally 
(region  C) ;  then  the  next  6  were  cut  transversely  (region  Ci) ;  then  13  others 
were  cut  longitudinally  and  vertically  (region  D)\  then  7  more  were  cut 
transversely  (region  -Di);  then  the  next  14  were  cut  longitudinally  and 
approximately  vertically  (region  £),  while  the  tip  of  the  tail,  composed  of 
some  12  or  more  segments,  was  sectioned  transversely  (region  £1). 

In  the  embryo  of  12  days  the  youngest  developmental  stages  of  the 
electric  tissue  were  found  in  the  most  distal  portion  of  the  tail,  which  at  that 
time  had  but  recently  been  extended  by  growth  from  the  body  and  was  still 
in  process  of  extension.  The  oldest  and  consequently  the  most-developed 
electroplaxes  were  to  be  found  in  the  anterior  or  cephalic  end  of  the  spindles. 

In  the  present  embryo,  or  larva,  of  42  days,  the  conditions  are  reversed, 
and  the  electroplaxes  in  the  extremity  of  the  tail  have  passed  those  farther 
up  in  the  body  in  their  differentiation,  and  have  reached  a  much  greater 
and  more  complete  development.  Accordingly  we  will  select  for  study  one 
of  the  most  anterior  and  least  developed  examples  and  compare  it  with  that 
electroplax  last  studied,  which  is  represented  by  figure  17,  plate  6. 

Figure  18,  plate  6,  is  drawn  from  one  of  the  ventral  electroplaxes  of  the 
region  C,  as  shown  in  text-figure  7.  This  position  makes  it  fairly  well  forward 
in  the  spindle,  although  portion  B  would  have  shown  slightly  younger  stages. 


Fig.  7. — Diagram  of  body  of  an  embryo,  or  larva,  of  Gymnarchus,  about  42  days  old. 

Lines  and  letters  indicate  regions  studied.    For  explanations  see  text. 
(Copied  from  the  same  source  as  text-fig.  5>)     X  about  x  and  i.5> 

The  fibril  core  will  first  attract  our  attention.  The  first  noticeable 
feature  is  that  this  core  is  growing  in  mass  and  volume  all  through  the 
electroplax,  but  also  far  faster  in  its  center  than  at  either  end.  Throughout 
its  course  it  has  assumed  a  unified  appearance  which  shows  no  trace  of  the 
several  fibril  bundles  which  have  gone  to  compose  it.  In  the  narrower  ends 
the  mass  is  straightest  and  its  component  fibers  appear  most  parallel,  being 
but  slightly  wavy.  As  we  follow  them  from  either  end  towards  the  middle 
it  can  be  seen  that  their  course  becomes  more  and  more  wave-like,  until, 
in  the  middle,  they  have  been  thrown  into  decided  folds.    Their  actual 
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course  can  be  somewhat  better  followed  with  thicker  sections  and  deep 
eosin  staining  than  with  preparations  of  the  usual  kind. 

As  to  the  fibrils  themselves,  they  have  lost  the  transva'se  striation 
altogether.  By  this  I  mean  that  it  is  no  longer  stainable.  It  seems  that, 
in  the  straight  ends,  with  a  good  immersion  lens  one  can  see  traces  of  this 
striation,  left  as  a  thickening  of  the  fibrils,  at  points  that  may  represent 
the  previous  position  of  the  anisotropic  M  ^indies. 

Whether  the  increase  in  the  mass  of  the  fibrillar  core,  which  goes  on  as 
the  electroplax  grows,  is  due  to  the  thickening  of  the  individual  fibrils  or  to 
the  laying  down  of  more  and  new  fibrils  or  to  the  deposit  of  an  interfibrillar 
substance  between  them,  was  not  decided.  The  first  two  conditions  seemed 
the  most  probable,  because  of  the  apparent  absence  of  much  interfibrillar 
substance  in  the  oldest  and  largest  electroplaxes. 

The  cytoplasm  of  the  outer  layer  begins  to  be  of  interest  at  this  stage. 
Its  most  particular  point  of  interest  lies  in  the  fact  that  it  is  decidedly 
diflFerent  in  structure  at  its  anterior  end  from  its  posterior  end.  This  is 
shown  in  its  staining  capacity  as  well  as  in  its  actual  structure.  In  the 
specimens  stained  in  iron  haematoxylin  and  eosin  the  cytoplasm  at  the 
posterior  end  stains  deeper  than  that  at  the  anterior  end,  with  both  dyes. 
It  can  also  be  seen  to  be  granular  in  structure — a  sort  of  general  granulation 
with  a  few  larger  granules  of  a  substance  which  stains  somewhat  like  chro- 
matin. In  particular,  its  cytoplasm  is  darker  than  the  fibrillar  core  at  this 
posterior  end. 

As  the  cytoplasmic  layer  is  examined  in  an  anterior  direction,  it  is  seen 
to  stain  lighter  and  at  the  same  time  to  contain  an  occasional  vacuole.  This 
condition  increases  until,  at  the  anterior  end,  about  one-fifth  of  the  length 
of  the  entire  structure  is  covered  with  a  cytoplasm  which  is  so  much  vacuo- 
lated that  it  appears  as  a  delicate  reticulum  in  the  meshes  of  which  the 
nuclei  lie.  The  fibril  core  extends  out  to  the  end  or  almost  to  the  end,  and 
it  can  be  seen  that  it  is  darker  in  color  and  denser  than  the  cytoplasm 
covering  it.  Some  of  the  finer,  granular  material  is  found  out  as  far  as  the 
reticulated  tip. 

A  new  element  of  interest  begins  to  become  apparent  in  this  stage,  and 
that  is  the  point  of  attachment  of  the  nerve.  The  strong  medullated 
fibers  come  from  the  cord,  pass  through  the  spinal  ganglion,  and  enter  the 
connective-tissue  "tube"  of  the  spindle  at  the  level  of  the  posterior  third  of 
each  electroplax.  The  fibers  wind  and  turn  considerably,  in  this  vicinity, 
and  are  finally  applied  to  the  surface  of  the  electroplax  over  an  area  which 
may  be  described  in  this  specimen  as  its  second  sixth  part  from  the  posterior 
end.  Thus  the  extreme  posterior  end  does  not  receive  any  nerve-endings 
at  this  period. 

The  cytoplasm  shows  a  number  of  indentations  where  the  nerve  is  ap- 
plied and  the  axis-cylinders  of  the  nerve  can  be  traced  into  these  spaces, 
which  they  apparently  fill  with  a  club-shaped  nerve-ending.  This  ending 
can  not  be  satisfactorily  described  until  some  of  the  special  nerve  methods 
can  be  used  to  elucidate  it. 
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Another  and  more  simple  step  in  development  is  indicated  in  figure  19, 
plate  6,  which  was  taken  from  an  electroplax  in  a  dorsal  spindle  of  this 
embryo  at  the  region  E  (see  text-fig.  7). 

Two  points  of  interest  will  be  spoken  of  in  connection  with  this  stage. 
The  shape  has  changed  as  follows:  The  middle  part  has  both  actually  and 
comparatively  widened  over  the  breadth  shown  by  the  middle  part  of  the 
electroplax  seen  in  figure  18,  plate  6,  and  this  increased  width  is  due  to  a 
broadening  of  the  fibrous  core  alone,  the  outer  nucleated  layer  remaining 
the  same. 

Accompanying  this  widening  is  also  an  actual  shortening  of  the  structure. 
Thus,  part  of  the  increased  bulk  of  the  middle  is  due  to  an  absorption  of  the 
two  ends.  Apparently  the  anterior  end  suffers  the  greater  amount  of 
absorption,  for  it  is  usually  shorter  and  thinner  than  the  posterior.  In 
this  connection  we  must  remember  the  previous  vacuolization  of  this 
anterior  end  as  seen  in  figure  18,  plate  6.  It  would  appear  that  the  vacuoli- 
zation was  part  of  an  absorption,  or  rather  of  an  atrophic  process.  Con- 
siderable traces  of  it  remain  in  figure  19,  plate  6,  and  it  is  also  still  noticeable 
that  the  anterior  end  does  not  stain  deeply.  The  posterior  end  retains  its 
length  and  vigor  to  a  greater  degree.  It  seems  to  become  considerably 
narrowed,  however. 

The  form  of  the  electroplax  also  begins  to  show  a  marked  change  through 
the  development  of  spurs,  branches,  or  papillae  which  begin  to  protrude  from 
both  its  ends,  particularly  from  its  posterior  end.  Some  indication  of  this 
was  visible  already  in  figure  18,  plate  6,  as  small  lumps  or  "shoulders"  that 
marked  the  organ  roughly  into  three  parts — ^anterior,  middle,  and  posterior 
thirds.  These  growing  spurs  begin  to  give  the  middle  third  a  distinct 
truncate  or  cylindrical  form.  The  nerve  fibers  also  attach  themselves  to 
the  sides  of  the  growing  papillae,  particularly  to  their  bases.  The  papillae 
show  an  inclination  to  grow  out  of  the  sides  of  the  posterior  third. 

We  will  now  pass  to  the  last  and  oldest  stage  of  the  electroplax  which 
can  be  found  in  the  embryos  which  Budgett  collected  in  Africa.  This  is 
found  in  the  E  region  of  the  42-day  embryo  or  larva  of  Gymnarchus  and  is 
represented  in  longitudinal  sections  under  a  low  magnification  by  figure  23, 
plate  9,  which  shows  parts,  or  the  whole,  of  about  11  electroplaxes  lying  in 
place  in  the  ventral,  lower  middle,  and  upper  middle  electric  spindles  of 
this  region.  Figure  21 ,  plate  8,  also  shows  a  transverse  section  just  cephalad 
of  this  point,  in  the  D  region,  where  cross-sections  of  the  8  electric  spindles 
reveal  partial  or  complete  transverse  sections  of  7  electroplaxes,  but  only 
the  electric  connective  tissue  which  fills  the  tube  at  this  point,  in  the  eighth. 

Figure  20,  plate  7,  represents  a  longitudinal  section  of  one  of  the  electro- 
plaxes shown  in  figure  23,  plate  9,  and  will  serve  as  a  basis  for  our  last  study 
of  this  series. 

The  form  has  continued  to  follow  the  development  which  was  indicated  in 
figure  19,  plate  6.  The  total  length  of  the  structure  has  shortened  somewhat 
more,  while  its  width  in  the  middle  part  has  increased  twofold.    These 
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statements  are  the  result  of  averages  of  about  15  measurements.  The 
papillae  on  the  posterior  surface  have  increased  in  length  and  some  of  them 
have  b^un  to  rival  the  posterior  portion  of  the  organ  in  length.  We  have 
no  suitable  figures  of  the  adult  electroplax,  but  from  Fritsch's  (3)  descrip- 
tions, and  from  the  tendencies  shown  by  these  embryos,  it  would  seem  that, 
as  Ewart  describes  in  Raja,  the  original  posterior  portion  of  the  electroplax 
shortens  and  the  new  papillae  lengthen  until  they  all  form  approximately 
similar  structures.  This  can  only  be  completely  studied  when  we  have 
secured  suitable  sections  of  the  grown  fish. 

The  development  of  papillae  is  noticeably  weak  on  the  anterior  surface. 
The  figure  does  not  show  as  many  as  some  of  the  electroplaxes  in  figure  23, 
plate  9,  but  it  is  a  fair  illustration.  Neither  does  it  show  well  the  usual 
condition  of  the  main  anterior  process  of  the  cell  at  this  time,  which  can  be 
better  seen,  in  some  electroplaxes  of  figure  23,  plate  9,  to  be  still  in  evidence 
and  of  considerable  length,  but  of  very  weak  development.  This  anterior 
process  shows  no  trace  at  this  age  of  the  general  vacuolization  of  its  cyto- 
plasm which  we  saw  in  an  eeurlier  stage,  and  the  fibrils  extend  as  a  very  thin 
and  uncertain  core  through  its  length. 

The  fibrillar  mass  which  forms  the  core  of  the  electroplax  has  now 
assumed  what  appears  to  be  its  permament  condition.  The  fibrils  are 
very  fine  and,  after  having  passed  straight  down  through  the  posterior 
process,  are  thrown  into  flat  waves  by  the  process  of  packing  them  into 
the  shortening  and  widening  middle  part  which  now  constitutes  the  principal 
bulk  of  the  structure.  This  causes  the  larger  part  of  the  fibrils  to  lie  nearly 
at  right  angles  to  the  longitudinal  axis  of  the  organ,  and  this  appearance 
was  first  taken  by  the  writer,  who  examined  the  oldest  embryo  first,  to  be  a 
trace  of  the  transverse  striation  of  muscle  from  which  the  organ  is  formed. 
We  now  know  it  to  be  the  myofibrils,  lying  at  right  angles  to  their  original 
course.  No  conclusion  was  arrived  at,  in  this  stage,  concerning  the  growth 
of  this  mass,  as  to  whether  the  number  of  fibrils  was  increased,  or  whether 
the  larger  size  was  due  to  a  thickening  of  the  original  fibers,  or  to  the  deposit 
of  interfibrillar  substance.  The  fibrils  seemed  to  be  as  fine  if  not  finer  than 
in  the  earlier  stages;  certainly  they  are  much  finer  than  functional  myofibrils. 
Since  muscle  tissue  increases  the  number  of  its  myofibrils  long  past  this  age, 
I  see  but  little  reason  why  this  modified  muscle  should  not  also  do  so. 

A  closer  study  of  the  cytoplasm  and  nuclei  of  the  peripheral  layer  was 
next  undertaken  in  this  oldest  stage.  Beginning  on  the  posterior  surface 
and  on  the  papillae,  we  find  the  layer  thickest  here  and  composed  of  at  least 
three  distinguishable  materials.  One  was  a  dense  material  which  was 
reticular  in  structure  and  stained  with  chromatic  stains  deeper  than  almost 
any  other  pure  cytoplasm  that  I  know  of.  This  material  was  one  con- 
stituent, while  the  other  substance  composing  the  general  field  at  this  point 
was  a  far  lighter  staining  material  which  was  homogeneous  and  clear.  This 
latter  seemed  to  bear  the  same  relation  to  the  denser  material  that  the 
"nuclear  sap"  does  to  a  linin  alveolum  or  reticulum  in  the  nucleus.    Like 
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the  Hnin  reticulum,  this  denser  material  was  more  refractive  and  took  more 
of  the  chromatic  as  well  as  more  of  the  acid  counterstains  than  the  homo- 
geneous material  did.  I  shall  adopt  Schneider's  (31)  name  of  "Linom" 
for  the  denser  substance  and  his  name  of  "  Hyalom  "  for  the  clearer  and  more 
homogeneous  material.  It  seems  probable  from  the  works  of  Biitscheli  (9), 
Rhumbler  (37),  Hardy  (35),  Wilson  (34),  Andrews  (1),  Strasburger  (32),  and 
others  that  these  structures  of  cytoplasm,  as  seen  under  the  microscope  in 
fixed  material,  do  not  represent  the  exact  condition  as  it  exists  in  life. 
After  reading  the  pages  of  my  recent  work  on  the  electric-motor  cells  of 
Torpedo,  one  can  more  easily  see  that  the  cytoplasmic  linom  is  a  structure 
which  depends  upon  the  fixative  used  as  one  factor  and  upon  the  chemical 
and  physical  peculiarities  and  the  contents  of  this  plasma  at  the  time  that 
the  fixative  is  applied,  as  another  set  of  factors.  Its  reticular  or  alveolar 
arrangement  can  most  certainly  be  immensely  varied,  and  all  these  artificial 
conditions  must  be  very  much  different  from  that  which  obtains  in  life. 
Since  I  have  only  a  few  fixed  specimens  to  discuss,  over  whose  earlier  prepa- 
ration I  had  no  control,  I  shall  not  try  to  solve  the  question  of  what  the 
structure  was  during  life,  but  will  merely  describe  the  present  specimen  as 
it  appears. 

The  linom  of  the  C3rtoplasmic  layer  on  the  posterior  end  is  very  fine  and 
can  only  be  seen  with  the  best  lenses  and  under  the  best  conditions.  This 
holds  particularly  for  the  outer  portion  of  the  layer,  for  as  we  examine 
the  inner  portion  the  reticulum  grows  larger  meshed  until,  at  its  point  of 
contact  with  the  fibrillar  core,  the  meshes  are  quite  easily  seen. 

The  same  is  true  as  we  examine  this  layer  in  a  more  anterior  position. 
Here  all  the  meshes  are  proportionately  larger,  until  in  the  layer,  as  found 
covering  the  extreme  anterior  surface,  the  meshes  of  the  linom  are  visible 
with  ordinary  high  powers.  I  do  not  refer  to  the  vacuoles  which  are  found 
at  various  points,  for  there  is  a  great  difference  between  the  largest  meshes 
and  the  vacuoles,  although  the  vacuole  may  be  derived  from,  or  originate 
in,  an  overgrown  mesh.  The  meshes  always  contain  the  hyalom,  while 
the  vacuoles  do  not.  My  definition  of  a  vacuole  in  this  case  will  be  a  space 
in  the  linom  into  which  the  hyalom  does  not  extend.  Also,  the  rounded 
outline  of  a  vacuole  shows  a  surface  tension  between  its  content  and  the 
C3^oplasm,  which  does  not  seem  to  exist  between  a  mesh  of  the  linom  and 
its  contained  hyalom.  These  vacuoles  appear  to  have  contained  a  soluble 
substance  during  life,  and  the  h3^om  is  not  soluble  in  fluids  used  to  prepare 
the  specimen.  Such  vacuoles  are  found  at  various  points  in  the  cytoplasmic 
layer,  most  often  at  its  outer  edge,  while  the  large  meshes  appear  at  the 
inner  edge  and  around  the  nuclei.  The  vacuoles  become  so  large  and 
numerous  at  the  anterior  end  of  a  stage  such  as  figure  18,  plate  6,  that  the 
cytoplasm  looks  like  foam  containing  the  nuclei  and  surrounding  the 
unchanged  fibrillar  core. 

In  addition  to  this  structural  basis  of  linom  and  hyalom,  another  very 
prominent  content  of  the  cytoplasm  is  a  series  of  granules  of  some  material 
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that  is  denser  and  somewhat  more  stainable  than  either  of  the  others. 
These  granules  are  very  numerous  and  fine  at  the  periphery,  where  they 
cause  the  outer  part  of  the  layer  to  stain  deepest  with  eosin,  and  they  lie 
in  the  finer-meshed  linom,  and  grow  larger  and  fewer  as  one  examines  the 
inner  parts  of  the  layer.  They  are  of  a  slightly  more  refractive  quality 
than  the  linom  and  stain  deeper  with  chromatic  dyes  the  larger  they  get. 
The  largest  also  have  some  color  of  their  own,  a  slight  golden-brownish  color, 
somewhat  like  that  of  pigment  granules.  While  the  smallest  granules  seem 
to  lie  in  or  attached  to  the  strands  of  linom,  the  larger  seem  to  lie  in  its 
meshes  in  the  hyalom.  They  remind  the  observer  of  the  granules  found  in 
certain  other  cells,  particularly  in  the  electric-motor  cells  of  Torpedo^  as 
well  as  in  other  nerve-cells.  In  figure  i6,  plate  5,  these  finest  granules  are 
seen  in  the  outer  part  of  the  layer  stained  with  eosin,  while  the  inner  part 
does  not  show  the  larger  ones  that  lie  there. 

The  larger  granules  are  prone  to  gather  about  the  nuclei  and  about  the 
inner  part  of  the  electric  layer,  as  seen  in  figure  22,  plate  8,  where  they  took 
the  iron  haematoxylin  stain  well.  The  larger,  chromatic-staining  granules 
are  also  found,  in  groups  or  singly,  in  many  parts  of  the  fibrillar  core. 
While  the  larger  ones  found  in  the  core,  around  the  nuclei,  and  at  the  inner 
edge  of  the  c3rtoplasmic  layer  seem  to  stand  in  sharp  contrast  to  the  more 
numerous  and  finer  ones  found  in  the  outer  part  of  the  cytoplasm,  one  can 
trace  steps  between  the  two  kinds. 

The  writer  believes  these  granules  to  be  the  secreted  or  prepared  nitro- 
genous material  used  by  katabolic  processes  to  produce  electricity,  either 
directly  or  indirectly.  They  must  be,  physiologically,  the  same  granules 
described  by  Ballowitz  (5)  in  the  cytoplasmic  layer  of  the  electroplax  of 
Raja^  and  by  Schlichter  (30)  in  the  cjrtoplasmic  r^ons  on  both  surfaces  of 
the  electroplax  of  Mormyrus.  In  this  latter  they  were  very  large  and  not 
easily  demonstrated.  The  writer  has  seen  some  indication  of  them  in 
Astroscopus  (12),  but  they  would  seem  to  be  noticeably  absent  in  other 
forms,  as  Torpedo  (although  they  have  been  figured  here  by  Fritsch  (20)), 
and  in  Gymnotus  (3)  and  Malopterurus  (6),  where  such  granules  as  Ballowitz 
has  described  or  figured  would  seem  to  be  inadequate  in  size  and  number 
for  so  heavy  a  duty.  It  will  be  noted  in  the  above  list  that  the  weak* 
electric  fish  seem  to  have  these  cytoplasmic  granules  best  developed,  while 
the  strong-electric  fish  show  least  of  them.  It  is  possible  that  these  latter 
possess  them,  or  their  equivalent,  in  a  more  fluid  and  less  visible  form. 

The  cytoplasmic  layer  is  marked  off  from  the  fibrillar  core  by  a  very 
definite  and  sharp  line.  It  can  not  be  said  that  a  definite  membrane 
exists  here,  although  one  may  exist.  The  boundary  between  the  outer 
layer  and  the  core  is  not  an  even  or  a  straight  one,  but  shows  a  wandering 
course,  especially  at  the  two  ends.  At  some  points  strands  of  the  linom 
seem  to  branch  into  the  core  (fig.  16,  plate  5).  At  the  anterior  end  in 
particular  it  shows  many  extensive  and  complicated  invaginations  of  its 
granule-containing  substance  into  the  fibrillar  core.    Certain  small  portions 


Digitized  by 


Google 


Origin  of  Electric  Tissues  of  Gytnnarchus  Niloticus.  iSj 

of  it  ako  have  been  permanently  left  in  the  main  body  of  the  core,  usually 
near  its  anterior  end.  These  inclusions  (fig.  20,  plate  7)  may  or  may  not 
include  the  nuclei.    They  always  contain  some  of  the  largest  of  the  granules. 

The  nuclei  do  not  show  any  internal  peculiarities  which  would  dis- 
tinguish them  as  electric  nuclei  from  some  of  the  other  tissue  nuclei,  par- 
ticularly from  muscle  nuclei,  which  they  much  resemble.  They  have  a 
large  chromatic  content  and  a  particularly  large  plasmosome  which  stains 
deeply.  They  can  be  sharply  distinguished  from  some  other  nuclei,  as 
connective-tissue  nuclei  for  instance,  where  the  more  delicate  outline  and 
different  chromatic  pattern  is  discernible  at  a  glance. 

Each  nucleus  shows  some  sign  of  a  surrounding  differentiated  layer  of 
cytoplasm.  This  consists  of  larger  granules  and  a  zone  in  which  the 
hyloplasm  seems  to  be  in  greater  proportion  than  elsewhere.  At  different 
places  in  a  preparation  one  may  see  more  or  less  of  a  contraction  zone 
around  the  nuclei.  While  this  may  be  a  physiological  condition,  it  is  more 
probably  an  artifact  due  to  the  fixing  or  hardening. 

One  interesting  condition  is  to  be  seen  in  most  of  the  few  nuclei  which 
become  detached  from  the  outer  layer  and  included  with  some  small  portion 
of  the  outer  cytoplasm  in  the  fibrillar  core.  These  nuclei  probably  become 
so  placed  during  a  very  early  stage,  and  the  further  they  are  separated  from 
the  layer  to  which  they  rightly  belong,  the  larger  they  grow  and  the  more 
diffuse  their  chromatin  becomes.  The  plasmosome  diminishes  in  size  and 
the  whole  structure  looks  more  like  a  connective-tissue  nucleus,  except 
that  it  is  very  much  larger.  I  have  seen  this  same  condition  in  the  electro- 
plax  of  Raja, 

It  was  not  possible  to  find  a  real  electrolemma  or  cell-membrane  covering 

this  electroplax.    A  connective-tissue  covering,  more  or  less  closely  applied 

to  the  surface,  was  always  present,  but  the  fact  that  this  covering  possessed 

its  own  nuclei  seems  proof  that  it  was  a  real  connective-tissue  covering  and 

not  any  product  of  the  activity  of  the  electroplax  tissue.    At  such  points, 

as  this  connective  tissue  did  not  actually  touch  the  electroplax,  a  careful 

examination  was  made  to  see  if  some  actual  cell-membrane  did  exist. 

Beyond  the  fact  that  the  outer  edge  of  the  electric  layer  was  sharply  defined 

and  that  its  surface  was  rounded  and  even  as  if  some  membrane  w£is  present, 

no  real  membrane  could  be  demonstrated,  either  by  its  refractive  properties 

or  by  its  color. 

INNERVATION. 

A  general  survey  of  the  innervation  is  desirable,  as  too  little  exact  topo- 
graphical work  has  been  done  on  those  fishes  in  which  the  electric-motor 
centers  are  thinly  distributed  in  character  over  large  areas  of  the  cord,  as, 
for  instance,  in  Gymnotus,  Raja,  and  the  mormyrids.  R^ons  D  and  E 
were  selected  in  the  42-day-old  embryo  as  the  most  favorable  parts  to  study. 
The  work  was  not  as  exact  as  it  could  be  if  the  investigator  had  had  plenty 
of  live  material,  especially  adult  material,  on  which  to  use  some  of  the  well- 
known  neurological  methods.    But  even  in  this  embryo,  which  was  well 
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fixed  in  sublimate-acetic,  much  could  be  accurately  made  out,  and  it  is 
hoped,  too,  that  the  description  will  prove  suggestive. 

The  motor  cells  were  first  looked  for  in  the  spinal  cord,  especially  that 
r^on  which  was  posterior  and  in  the  neighborhood  of  the  electric  organs. 
Assuming  for  the  present,  as  a  law,  that  electric-motor  cells  are  larger  than 
muscle-motor  cells  which  innervate  an  equal  weight  of  muscle,  it  was  very 
easy  to  find  groups  of  large,  heavy  nerve-cells  scattered  through  the  sub- 
stance of  the  spinal  cord  from  near  the  anterior  beginning  of  the  spindles 
to  the  very  last  point  in  the  tail  to  which  they  extend. 


Fig.  8. — Side  view  of  reconstnictloa  (aeml* 
diagrammatic)  of  spinal  cord  and  motor 
electric  nerves  of  a  larval  Gymnardms 
4a  days  old.  Arrow  indicates  anterior 
and  posterior  directions.  Nu  Nt,  Nt. 
and  iV4  are  the  four  electric  nerves  formed 
by  branches  from  motor  roots  of  spinal 
nerves.  B  indicates  small  branches  m>m 
electric  nerves  that  innervate  posterior 
surfaces  of  electioplazes.  g  marks  spinal 
ganglion,  whose  afferent  nerves  have 
been  cut  off. 


nr^r-T 


These  cells  were  situated  just  above  the  central  canal  and  from  i  to  4, 
or  even  5,  could  be  seen  in  every  transverse  section  in  most  of  this  length 
(fig.  14,  plate  4,  il,  B,  and  C).  They  did  not  appear  to  be  divided  into  two 
symmetrical  groups,  but  rather  to  lie  in  one  median  group.  On  the  one 
hand,  their  dorsal  position  might  appear  to  be  evidence  that  they  were  not 
motor-cells  or  that  they  were  not  to  be  considered  as  modified  muscle-motor 
cells.  On  the  other  hand,  the  presence  of  real  ventral  muscle-motor  cells 
(fig.  14,  plate  4,  D  and  E)  in  the  whole  length  of  the  cord,  the  correspondence 
of  the  cells  under  discussion  with  the  position  of  the  electric  spindles,  and 
the  fact  that  Fritsch  describes  similarly  placed  cells  in  the  same  position 
in  mormyrids  as  the  motor-nerve  cells  of  the  electric  organ,  all  seemed  to 
constitute  very  strong  indirect  evidence  that  these  were  the  nerve  cells 
which  innervated  the  posterior  ends  of  the  electroplaxes. 

In  addition,  the  writer  was  able  to  trace,  in  a  number  of  cases,  the  course 
of  the  neuraxons  through  the  cord,  out  into  the  ventral  roots  of  the  nerves, 
and  finally  into  special  bundles  of  nerve  fibers  that  undoubtedly  innervated 
the  electric  tissue.  No  one  nerve  process  was  actually  traced  for  the  whole 
distance  unbroken,  but  the  various  parts  and  regions  were  so  pieced  together 
that  the  course  was  well  established  and  corresponds  in  many  ways  with 
Fritsch 's  observations  on  Mormyrus.  Text-figure  9  shows  a  semidiagram- 
matic  cross-section  of  these  courses  as  seen  from  in  front,  while  text-figure  8 
shows  the  same  thing  sketched  in  relief  from  the  side.  This  topography 
will  presently  be  described. 
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The  electric-motor  cells  at  this  age  must  of  course  be  considered  as  still 
very  young,  and  descriptions  from  the  adult  are  desirable.  We  will  begin 
by  examining  the  9-day-old  embryo  once  more  to  see  if  they  have  started. 
In  this  cord  (fig.  8,  plate  2)  there  are  but  very  faint  traces  of  any  nerve- 


I  ^  ^  Fig.  9> — Diagram  to  show  podtion  and  relations  of 
-  -o/xb.  nerve  elements  to  electric  spindles.  5.C.,  spinal 
cord,  showing  central  canal  and  four  motor  elec- 
tric nerve-cells.  Processes  from  these  cells  pass 
out  through  ventral  roots,  and  distribution  of  these 
roots  to  electric  spindles  and  muscle-masses  is  in- 
dicated. M,  some  of  the  muscle-masses.  D,  UM,, 
-N.  LM.,  and  V  show  electric  spindles  on  one  side. 
Sp.G„  spinal  ganglion;  LXM.,  lateral  line  nerve. 


cell  development,  and  some  neuroblast  mitosis  is  still  going  on.  In  the 
position  to  be  later  occupied  by  electric  cells  a  little  enlargement  of  nucleus 
and  cell-body  is  visible.  One  cell  here  is  of  great  interest,  and  that  is  one 
of  the  now  well-known  "Hinterzellen"  or  giant  cells,  first  described  by 
J.  Beard  (37),  Rohon  (29),  Studnitzka  (33),  and  others,  in  the  embryos  of 
Salmo  and  Raja,  and  later  by  Fritsch  (21),  as  a  diflFerent  sort  of  cell,  in  the 
adult  Lophius.  Still  later,  such  cells  were  described  by  the  writer  (36)  in  the 
embryos  and  adults  of  various  Pleuronectidae  and  in  Pterophryne,  where  he 
showed  it  to  be  the  same  cell  in  both  embryo  and  adult,  and  described  the 
relations  of  anterior  and  posterior  branches  of  the  neuraxon.  From  its 
size,  shape,  and  position  in  the  present  specimen,  it  seems  that  this  dorsal 
cell  might  be,  in  some  way,  related  to  the  electric-motor  cells,  but  that 
question  is  easily  settled  when  one  examines  the  12-day  embryo  and  finds 
that  all  of  the  dorsal  cells  have  effectually  disappeared  before  the  electric- 
motor  cells  begin  to  differentiate.  Besides,  the  well-known  fiber  courses  of 
the  dorsal  cells  as  worked  out  by  Fritsch  in  Lophius,  the  writer  in  Ptero- 
phryne,  Harrison  in  Salmo,  and  Johnson  in  Catostomus  are  sufficient  proof 
that  the  two  have  nothing  in  common. 
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The  42-day  larva  shows  the  best  development  of  these  electric-motor- 
nerve  cells  until  an  older  fish  can  be  described.  Here  we  find  a  heavy, 
rounded,  cytoplasmic  body  of  about  40  microns  in  diameter  (fig.  14,  plate  4, 
At  B,  and  C).  Its  outline  is  usually  pear-shaped,  with  the  axis-cylinder 
process  given  off  at  the  pointed  end.  Dendrites  are  not  visible  in  the 
specimen  at  hand.  While  most  of  these  cells  are  of  the  same  size,  a  few 
are  noticeably  smaller. 

The  nucleus  is  large,  round,  and  placed  nearly  always  in  a  very  eccentric 
position.  This  position  is  most  frequently  on  the  side  away  from  the 
neurite,  but  sometimes  it  may  be  very  dose  to  the  neurite.  Its  diameter 
is  about  16  to  19  microns  in  the  largest  cells  of  this  age,  and  its  outline  is 
hard  and  round.  The  nucleolus  consists  of  a  single,  or  rarely  double,  plas- 
mosome,  which  is  a  very  little  less  than  5  microns  in  diameter,  but  which, 
when  double  or  multiple,  is  of  proportionally  smaller  size.  As  I  have  shown 
in  the  nucleus  of  the  electric  cells  of  several  torpedoes,  when  a  plasmosome 
is  multiple  its  several  parts,  collectively,  are  larger  in  mass  than  is  a  single 
normal  or  usual  plasmosome. 

Of  course,  the  nucleus  was  carefully  examined  as  to  any  possible  ori- 
entation of  its  nuclei,  particularly  the  plasmosome,  with  reference  to  gravity 
or  to  the  electric  current  or  to  the  axis  of  the  cell.  Nothing  of  this  sort 
could  be  found,  although  this  does  not  preclude  such  a  condition  in  the 
grown  fish.  It  is  known  that  in  Torpedo,  where  such  an  orientation  does 
exist,  this  same  orientation  is  not  found  in  the  embryonic  or  larval  stages. 

From  these  cells  thin,  delicate  axis-cylinder  processes  were  traced  down, 
as  has  been  described,  and  into  the  ventral  roots  of  the  spinal  nerves  in  a 
sufficient  number  of  cases  to  assure  the  observer  that  they  all  ran  in  this 
direction.  The  process  was  thinnest  shortly  after  leaving  the  cell,  and 
became  thicker  as  it  approached  the  nerve-root.  When  it  once  entered  the 
root  it  again  became  very  thin,  although  now  invested  with  a  connective 
tissue  and  a  medullary  sheath.  A  large  number  of  connective- tissue  nuclei, 
nerve-sheath  nuclei,  and  some  unknown  elements  cause  the  motor-root  of 
the  nerve  to  swell  to  some  size  just  after  leaving  the  cord.  It  decreases 
again  in  size  before  it  enters  the  foramen  and  leaves  the  vertebral  canal  in 
company  with  the  much  smaller  dorsal  root. 

Just  outside  the  canal  the  dorsal  root  ends  in  the  spinal  ganglion,  and 
the  motor-root  traverses  the  inner  side  of  the  ganglion,  from  which  it  emerges 
on  the  lower  edge,  and  at  once  divides  into  a  dorsal  and  a  ventral  branch. 

The  ventral  branch  passes  backward  and  downward  (see  text-figs.  8 
and  9)  to  a  point  at  a  level  with  the  lower  middle  spindle,  and  here  it  gives 
off  a  considerable  group  of  fibers  which  pass  caudad  just  inside  of  the 
spindle  capsule.  These  fibers  are  joined  by  similar  groups  from  others  of 
the  spinal  nerves  and  the  whole  mass  forms  the  lower  middle  electric  nerve 
(text-fig.  8,  N9).  At  the  posterior  level  of  each  electroplax  this  nerve  gives 
off  a  few  fibers  (text-fig.  8,  E)  which  branch  out  and  innervate  the  posterior 
surface  of  this  electroplax. 
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The  remainder  of  the  ventral  branch  passes  farther  down  and  again  gives 
oflf  a  branch  which  goes  to  form  part  of  the  ventral  electric  nerve  (text-fig. 
8,  N4)*  This  latter  sends  off  little  branches  to  furnish  the  posterior  surfaces 
of  the  ventral  electroplaxes  with  motor-fibers  (text-fig.  8,  -E). 

Going  back  to  the  anterior  root,  we  find  that  its  dorsal  branch  leads 
directly  upward  and,  passing  between  the  spinal  ganglion  and  neural 
arch,  slopes  gently  backward  to  give  off  a  large  branch  which  becomes  a 
part  of  the  upper  median  electric  nerve  (text-fig.  8,  Nt).  Its  remaining 
fibers  reach  upward  and  furnish  the  dorsal  spindle  with  a  part  of  the  fibers 
that  form  its  dorsal  electric  nerve  (text-fig.  8,  Ni). 

Of  course,  there  are  muscle-motor  elements  in  both  these  branches  of 
the  anterior  nerve-root,  the  number  depending  upon  the  position,  back- 
ward or  forward,  at  which  we  examine  the  arrangement.  Two  examples  of 
the  motor-nerve  cells  of  the  muscle-tissue  from  the  cord  in  region  D  are 
shown  in  figure  14,  plate  4,  D  and  E.  At  the  level  of  the  anterior  parts  of 
the  electric  organ,  when  there  are  large  quantities  of  muscle  and  the  electro- 
plaxes are  very  small,  the  muscle  branches  are  large,  particularly  the  dorsal 
branches,  which  have  to  supply  the  muscle-bundles  for  the  large  dorsal  fin. 
In  the  posterior  r^on  of  the  tail,  on  the  other  hand,  the  muscle  is  almost 
entirely  absent  and  the  muscle-branches  of  the  anterior  roots  are  not  even 
easily  seen. 

The  eight  (four  on  each  side)  longitudinal  electric  nerves  are  interest- 
ing in  that  they  form  a  morphological  buffer  between  the  conflicting 
segmentation  of  the  nervous,  skeletal,  and  muscular  systems,  and  the  inde- 
pendent segmentation  of  the  electric  system.  Were  the  electric  segmenta- 
tion to  correspond  with  that  of  the  others,  we  should  not  find  these  nerves 
in  this  recognizable  form.  In  fact,  in  the  anterior  part  of  the  electric  organ 
we  do  not  find  them  as  continuous  nerves,  in  many  places,  for  more  than 
two  or  three  neuromeres  at  a  time.  And  even  posteriorly  where  they  do 
form  continuous  nerves,  the  fibers  that  enter  them  from  any  given  spinal 
nerve  do  not  pass  very  far  back  in  them  before  leaving  to  innervate  one  of 
the  electroplaxes.  Each  nerve  cell  probably  lies  but  a  very  short  distance 
in  front  of  the  electroplax  which  it  supplies.  This  was  decided  upon  by 
plotting  the  relative  positions  of  all  motor-electric  cells  and  all  electroplaxes 
in  the  larger  part  of  the  organ. 

While  doing  this  it  was  also  determined  how  many  nerve-cells  sent 
their  nerve-processes  to  each  electroplax.  Thus,  in  r^on  E  of  the  42- 
day-old  larva  there  were  easily  counted  414  of  the  electric-motor  cells,  while 
in  the  same  part  there  were  81  electroplaxes.  This  makes  it  quite  sure 
that,  on  an  average,  about  5  of  the  nerve-cells  were  used  for  each  electro- 
plax. It  was  attempted  to  count  the  nerve-fibers  as  they  left  the  electric 
nerve  to  branch  out  over  the  electroplax,  but  the  elements  were  too  small 
and  the  fixation  not  just  what  was  needed  to  do  this.  It  could  be  easily 
done  in  a  grown  specimen. 

I  shall  now  take  up  the  structure  of  the  nerve-fibers  as  they  leave  the 
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electric  nerves  to  pass  to  the  electroplaxes,  assuming  that  they  have  no 
peculiarities  of  interest  during  their  course  through  the  nerve-tracts  between 
the  cord  and  the  electric  chambers.  (The  electric  chambers  are  not  divided 
as  in  Mormyrus  by  a  transverse  septum  of  heavy,  opaque,  white  connective 
tissue;  this  can  be  explained  by  the  fact  of  their  secondary  segmentation.) 

As  the  few  fibers  destined  for  any  particular  electroplax  first  leave  the 
electric  nerve  they  are  directed  caudad  and  are  very  small  in  diameter  and 
invested  with  a  fine  connective-tissue  sheath.  This  covering  is  probably 
medullated  in  the  grown  fish.  They  quickly  turn  in  a  gentle  curve  whose 
diameter  is  about  half  that  of  the  spindle  and  pass  forward  through  the 
electric  connective  tissue  to  the  posterior  surface  of  the  electroplax.  At  the 
beginning  of  this  curve,  or  just  after  leaving  the  electric  nerve,  the  axis 
cylinder  or  neuraxon  enlarges  to  a  considerable  diameter  and  becomes  very 
wavy  and  irregular  in  diameter.  Its  course  is  no  longer  straight,  and  it  is 
not  possible  to  find  a  section  of  any  considerable  part  of  its  length,  except 
in  some  very  few  cases.  Its  sheath  of  connective  tissue  is  loose  fitting  and 
the  inner  side  shows  a  loose  reticulum  of  fine  fibrils  and  plates  that  form  a 
weak  connection  between  the  axon  and  sheath. 

It  is  at  once  apparent  in  the  maze  of  fibers  which  approach  the  electro- 
plax that  the  few  neuraxones  which  first  entered  the  compartment  are  now 
many  in  number.  Still,  it  is  difficult  to  see  where  they  branch  in  the  thin 
sections,  owing  to  their  sinuous  and  irregular  courses  and  to  the  lai^ 
numbers  of  transverse  and  oblique  sections  present.  In  several  places  this 
branching  was  seen,  however,  and  recognized  as  the  same  multiple  branching 
which  has  often  been  described  in  the  terminal  part  of  nerve-paths  and,  in 
particular,  in  the  same  comparative  region  of  the  electric  tissue  of  Raja  by 
Ballowitz  (5)  and  Retzius  (26),  in  Torpedo  by  several  authors,  and  especially 
in  Malopterurus  by  Ballowitz  (4),  who  refers  in  this  article  to  many  other 
cases.  The  writer  has  also  seen  and  figured  it  in  the  electric  tissue  of 
Astroscopus  in  a  paper  soon  to  appear.  In  the  present  case,  one  section,  as 
can  be  seen  in  figure  16,  plate  5,  exhibits  two  cases  of  this  branching,  one  of 
them  showing  a  single  fiber  dividing  into  at  least  three  or  four  branches; 
also,  figure  25,  plate  9,  in  which  there  is  to  be  seen  a  well-defined  single  fiber 
dividing  into  two  branches  just  before  they  end  in  two  club-shaped  nerve- 
endings  in  the  electric  layer  of  the  posterior  surface  of  an  electroplax. 
The  abundant  nodes  of  Ranvier,  described  by  Schlichter  (30)  in  the  case 
of  Mormyrus,  were  not  observable  here,  probably  on  account  of  the  lack  of 
osmic-add  fixation.  I  have  no  doubt  that  they  are  present  and  they  must 
be  present  at  the  points  at  which  the  fibers  divide. 

As  has  already  been  stated,  the  fibers  now  approach  and  end  on  the 
posterior  surface  of  the  electroplax,  as  well  as  on  the  lower  sides  of  some  of 
the  papillae  that  arise  from  it.  The  mode  of  ending  is  not  difficult  to  see, 
apparently,  although  this  much  studied  and  controverted  question  should 
not  be  approached  lightly,  especially  where  the  material  is  merely  a  subli- 
mate-acetic fixation  stained  with  iron-haematoxylin  and  eosin. 
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The  nerve-process,  carrying  its  connective-tissue  sheath  until  it  actually 
reaches  the  surface  of  the  electroplax,  ends  in  a  blunt  and  somewhat  thick- 
ened knob  which  is  embedded  in  a  hollow  or  invagination  in  the  substance 
of  the  posterior  cytopl£ismic  or  electric  layer  of  that  structure  (see  figs.  18 
and  19,  plate  6;  also  fig.  16,  plate  5;  also  figs.  24  and  25,  plate  9).  This  knob 
may  be  quite  elongate  in  form  and  in  some  cases  appears  to  be  branching. 
The  nerve  fiber  becomes  very  narrow  and  apparently  dense  just  before 
entering  the  cavity,  but  it  quickly  broadens  out,  to  as  much  as  or  more  than 
its  previous  width,  to  fill  the  cytoplasmic  cavity  of  the  electroplax.  Its 
substance  becomes  very  light-staining,  more  so  than  any  other  part  of  its 
length  is,  and  this  light-staining  quality  is  most  apparent  at  its  extreme 
distal  end  in  the  cavity.  The  nerve-fibrils,  faintly  visible  in  the  outer 
courses  of  the  axon  and  rather  more  so  in  the  denser  neck  just  before  entering 
the  cavity,  can  be  seen  in  the  light-colored  club-shaped  ending  to  be  running 
in  an  irregular  reticulum  instead  of  in  their  previously  almost  straight  and 
parallel  manner.  They  could  not  be  traced  into  the  protoplasmic  bridges 
between  the  club-shaped  nerve-ending  and  the  surface  of  the  protoplasmic 
cavity  in  which  it  lies.  In  very  few  instances  did  the  nerve-substance  fill 
the  recess  in  the  electric  layer  tightly,  probably  owing  to  some  shrinkage  in 
both  of  the  tissues.  The  small  space  between  the  two  surfaces  is  crossed 
by  the  numerous  fine  processes  or  strands,  mentioned  above,  of  some  of  the 
nerve-tissue  remnants,  probably  of  an  original  closer  contact. 

The  question  now  arises  as  to  whether  the  cavity  or  depression  which 
the  nerve-ending  occupies  is  to  be  considered  as  an  invagination  of  the 
surface  of  the  electric  layer  or  as  a  real  penetration  of  the  electroplax  by 
the  nerve.  I  shall  consider  it  as  the  former,  because  the  surface  of  the 
electroplax  appears  not  to  be  interrupted  by  the  opening  but  to  continuously 
follow  the  inner  edge  of  the  cavity  all  the  way  around. 

The  presence  of  a  perceptible  cell-membrane  or  electrolemma  would 
assist  in  the  solution  of  this  question,  but  such  an  organ  could  not  be 
demonstrated.  The  edge  of  the  cytoplasm  was  sharp  and  definite,  but  no 
membrane  was  visible,  either  by  its  staining  properties  or  by  refrangibility. 
It  possibly  will  be  found  in  the  adult  organ.  Nor  was  it  possible  to  see  the 
"StUbchen"  or  rodlets  which  have  been  described  in  other  electric  organs 
by  Ballowitz  (3,  5)  and  his  pupils  (30).  Some  striated  arrangement  of 
the  granular  electrochondria  or  granules  described  previously  was  observ- 
able, but  this  constituted  a  fibrillar  secretory  striation,  such  as  is  seen  in 
the  surfaces  of  most  cells  that  are  undergoing  exchanges  of  any  kind.  Here, 
again,  we  must  await  examinations  of  the  adult  electroplax  before  we  can 
say  if  such  "Stabchen"  are  present;  also  if  they  are  homologous  with  the 
well-defined  rodlets  found  by  Ballowitz  in  Torpedo  and  in  Raja,  and  whether 
they  are  specific  structures  of  any  importance  in  the  production  of  electricity. 

Returning  to  the  relation  of  nerve-ending  to  electroplax,  we  have 
practically  decided  that  the  nerve-club  is  embedded  in  an  invagination  of 
the  surface  rather  than  in  a  cavity  in  the  substance  of  the  electric  layer. 
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In  doing  this  it  has  formed  a  much  more  intimate  connection  than  may 
be  seen  in  other  places  where  the  nerve-fibers  touch  the  electroplax  very 
closely,  even  being  partly  embedded  in  it,  or  running  through  the  fundus 
that  lies  between  two  papillae,  where  the  fiber  is  closely  pressed  on  three 
sides  by  the  surface  of  the  electroplax.  In  these  fiber  contacts  the  con- 
nective-tissue sheath  persists,  while  in  the  club-shaped  or  heavily  rounded 
endings  the  connective-tissue  sheath  is  lost,  left  at  the  surface,  and  the 
little  protoplasmic  bridges,  shown  when  slight  shrinkage  has  taken  place, 
testify  to  the  intimacy  of  the  contact.  In  addition  a  slight  amount  of  fine, 
golden-colored  granules  surrounds  the  nerve-ending,  lying  on  its  surface, 
between  it  and  the  substance  of  the  electroplax  (figs.  24  and  25,  plate  9). 
These  granules  are  not  found  on  any  other  part  of  the  nerve  surface. 

Naturally  the  paper  of  Schlichter  (30)  was  carefully  examined  to  see 
what  he  had  found  as  to  the  ending  of  the  electric  nerves  on  the  related  form, 
Mormyrus  oxyrhynchus.  He  had  adult  material,  but  otherwise  was  no 
better  off  than  the  writer  in  the  possession  of  material  which  had  been 
treated  especially  for  neurological  study.  He  describes  the  nerve-fibers  with 
their  medullary  sheaths  as  coming  in  contact  with  the  large  process  of  the 
electroplax  and  then  suddenly  ending  just  as  they  reach  certain  lai^  inden- 
tations of  the  surface  of  this  electroplax.  He  found  in  these  indentations 
only  a  little  coagulated  material  and  some  nuclei. 

The  writer  has  no  doubt  that  the  slight  coagulum  represents  what 
remains  of  a  club-shaped  nerve-ending  similar  to  that  which  he  finds  in 
Gytnnarchus.  The  nuclei,  from  their  position  in  Schlichter's  picture,  are 
evidently  the  nuclei  of  terminal  connective-tissue  coverings.  If  this  idea 
be  correct  we  will  have  a  very  simple  but  interesting  form  of  nerve-ending, 
much  larger  in  size  than  that  found  on  any  muscle  or  any  other  electric 
organ  and  one  in  which  it  will  be,  apparently,  easier  to  study  the  intimate 
contact  of  nerve-substance  with  motor-substance  from  a  cytological  point 
of  view  than  in  any  other  form.  In  particular,  we  should  try  to  stain  these 
endings  with  the  nitrate  of  silver  and  methylene  blue  methods  devised  for 
neuro-cytological  studies.  This  work,  however,  can  be  undertaken  only 
on  the  ground,  with  good  laboratory  facilities  and  with  an  abundance  of 
fresh  material. 

The  writer  has  published  observations  on  some  peculiar  horizontal, 
pointed  rods,  or  pointed  threads,  found  imbedded  in  the  electric  layer  of 
the  electroplax  of  Astroscoptis.  At  that  time  he  suggested  that  they  might 
be  in  some  way  homologous  with  or  related  to  the  "StSbchen"  because  of 
the  absence  of  any  other  well-defined  "Stibchen"  in  this  fish.  Such 
structures  are  not  found  in  the  present  Gytnnarchus  larva,  but  they  have 
been  seen  and  described  in  Raja,  in  a  paper  soon  to  be  published.  Their 
presence  in  Raja,  in  addition  to  the  "St^bchen,"  proves  them  to  be  entirely 
diflFerent  cell  organs. 

One  word  in  regard  to  certain  possibilities  for  the  physiological  study 
of  the  electric  organ  in  Gymnarchus.    A  recent  paper  by  Bernstein  and 
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Tschermak  and  another  by  Bethe  go  to  show  that  the  electric  discharge  of 
Torpedo  and  other  fishes  is  produced  by  different  concentrations  of  sodium 
chloride  in  the  electroplaxes  and  in  the  intervening  electric  connective  tissue. 
Since  there  is  a  long  series,  theoretically,  of  these  alternate  segments  of 
higher  and  lower  degrees  of  concentration  of  the  electrolyte,  and  since  all  the 
higher  concentrations  are  presumably  equal,  and  all  the  lower  concentra- 
tions are  equal,  we  would  have  a  series  of  equal  potentials  alternately 
opposed  to  each  other,  and  the  result  would  be  zero  or  else  only  the  strength 
of  one  concentration  current,  in  case  there  was  one  more  or  one  less  of 
either  of  the  concentrations. 

To  obviate  this  difficulty  a  membrane  has  been  imagined,  on  one  surface 
of  each  electroplax,  presumably  the  electric  or  nerve-ending  surface  (pos- 
terior surface  in  this  case),  which  will  be  permeable  only  to  one  kind  of 
the  ions,  either  negative  ions  or  positive  ions,  and  by  which  the  current  is 
thus  rendered  integral  in  one  direction. 

Two  things  remain  to  be  proved  in  connection  with  the  above  theory — 
the  fact  of  different  concentrations  and  the  presence  of  such  a  membrane. 
This  can  be  done  in  any  fish  in  which  it  is  possible  to  effectively  separate 
the  segments  in  a  fresh  state,  so  as  to  submit  them  to  delicate  chemical 
tests.  In  Gymnarchus  we  have  a  fish  whose  elements  are  larger  than  those 
in  any  other  one  of  the  seven  electric  types — ^large  enough  to  be  cut  apart, 
I  believe,  and  analyzed  separately  in  the  chemical  laboratory;  also  large 
enough  to  submit  anterior  and  posterior  surfaces  to  physical  tests  that  may 
show  its  permeability  to  either  positive  or  negative  ions  and  its  imperme- 
ability to  the  other  kind  in  one  direction.  This  experimental  work  can 
most  certainly  be  done  if  the  proportion  between  the  bulk  of  electric  con- 
nective tissue  and  electroplax  remains  the  same  in  the  adult  as  in  the  larva 
(see  fig.  23,  plate  9).  Fritsch  shows  much  less  of  the  electric  connective- 
tissue  segments  in  his  figures  of  the  adult  organ. 

Numerous  other  anatomical  features  of  Gymnarchus  have  caused  it  to 
be  classed  with  the  other  mormyrid  fishes.  This  fact  makes  it  of  interest 
to  compare  its  electroplax  with  the  very  different  electroplax  in  these 
fishes. 

That  found  in  Mormyrus  oxyrhynchus  will  serve  as  a  type  and  its  general 
plan  has  been  well  shown  by  Ogneff  (25)  and  Schlichter  (30).  Here  it  is 
evident  that  a  number  of  consecutive  and  entire  myotomes  have  been 
converted  into  electroplaxes  and  that  the  middle  layer  of  each  electroplax 
is  composed  of  unaltered  and  clearly  striated  myofibril  bundles.  The  large 
number  of  these  fibril  bundles,  and  their  distribution,  indicate  that  the 
whole  electroplax  in  Mormyrus  is  a  syncytium  composed  of  all  or  most  of 
the  cells  which  would  otherwise  have  gone  to  make  up  the  single  myotome. 
In  this  we  find  an  agreement  with  the  electroplax  of  Gymnarchus  which  is 
also  formed  from  several  cells.  In  the  one  case,  however,  all  the  cells  in 
the  myotome  have  been  used  {Mormyrus) ;  in  the  latter  only  those  lying  in 
eight  particular  localities  (Gymnarchus).     (See  paper  by  Dahlgren  (36).) 
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Further  homology  is  seen  in  the  disposition  of  the  probably  superfluous 
myofibrils.  In  both  forms  they  are  relegated  to  a  middle  position  in  the 
electroplax,  while  the  apparently  more  important  cytoplasm  forms  layers 
on  the  anterior  and  posterior  surfaces  of  the  structure.  Also,  in  both,  the 
now  useless  myofibril  bundles  are  packed  out  of  the  way  at  right  angles  to 
the  axis  of  the  electroplax,  which  remains  the  same  as  the  former  axis  of 
the  muscle-cells  that  were  used  to  form  it. 

The  only  difference  lies  in  the  fact  that  the  striation  of  the  fibrils  is 
retained  in  the  Mortnyrus  forms,  while  it  is  lost  in  Gymnarchus,  the  dark- 
staining  anisotropic  substance  apparently  dissolving  away. 

From  what  little  can  be  predicted  concerning  the  possible  origin  of  the 
electric  tissue  in  the  other  teleost  forms,  it  is  probable  that  the  Mormyridse 
(including  Gytnnarchus)  are  the  only  fish  in  which  the  electroplax  is  formed 
as  a  syncytium  from  more  than  one  cell.  In  Astroscopus,  Electrophorus 
(formerly  Gymnotus),  and  Malopterurus  the  structures  show  every  evidence 
of  having  been  developed  from  single  myoblasts  with  the  exception  of 
Malopterurus f  where  it  is  a  question  as  to  whether  they  are  not  evolved  from 
gland-cells  instead. 

SUMMARY. 

In  conclusion  it  may  be  stated  that — 

(i)  The  electric  tissues  of  Gytnnarchus  are  developed  by  the  differ- 
entiation of  certain  portions  of  its  normal,  striated  muscle-tissues  during 
an  embryonic  or  larval  period  extending  from  the  ninth  day  to  the  forty- 
second  day  of  embryonic  life.  The  critical  period  of  this  change  takes  place 
in  the  neighborhood  of  the  eleventh,  twelfth,  to  fifteenth  days. 

(2)  The  muscle  fibers  which  go  to  form  the  electric  tissue  give  up  their 
usual  segmentation  into  myotomes,  and  first  form  eight  long  and  con- 
tinuous spindles  which  afterward  segment,  each  into  a  lesser  number  of 
masses,  the  electroplaxes. 

(3)  The  myofibrils  lose  their  transverse  striation  and  form  a  large  inner 
core  for  each  electroplax.  They  lie  in  a  wavy  mass,  mostly  at  right  angles 
to  their  former  course.  The  active  cytoplasm  forms  an  outer  layer  which  is 
denser  and  stains  deeper  on  the  posterior  than  on  the  anterior  surfaces.  It 
contains  granules. 

(4)  Each  electroplax  is  made  up  of  several  muscle  cells,  12  to  20  or  more. 
This  is  diflFerent  from  the  two  elasmobranch  fishes,  in  which  each  muscle 
cell  forms  only  one  electroplax. 

(5)  The  nerve  is  distributed  on  the  posterior  surface  and  ends  in  blunt 
knobs  that  lie  in  cavities  formed  by  the  invagination  of  the  surface  of  the 
electric  layer.  The  current  probably  runs  from  tail  toward  head,  as  in 
Mormyrus. 

(6)  The  development  of  the  tissue  gives  a  strong  clew  to  the  probable 
development  of  the  electric  tissues  in  the  other  mormyrid  fishes. 
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EXPLANATIONS  OF  THE  PLATES. 
Plate  i. 

Fig.  I.  Transverse  section  through  body  of  9-day-old  embryo  of  Gymnarchus  in  region  C 
L.M,  position  of  the  large  muscle  cells  that  will  eventually  change  into  the 
lower  median  electric  spindle;  V.Ft  location  of  large  vertebral  fibers;  XXXX^ 
locations  of  electric  spindles  in  an  adult  fish  with  reference  to  bonv  structures, 
blood-vessels,  and  spinal  cord;  N,  canalis  centralis;  Bi  and  ^t*  caudal 
blood-vessels.     X  no. 

Fig.  2.  Muscle-tissue  in  transverse  section  from  12-day-old  embryo  of  Gymnarchus  to 
show  typical  muscle  cells.  A,  one  of  oldest  fibers  with  two  strong  fibril 
bundles;  3,  growing  muscle  cell  with  fibrils  being  laid  down  in  a  ring;  C, 
extreme  upper  edge  of  myotome  with  youngest  cells  at  top.     X  1150. 

Fig.  3.  Transverse  section  through  group  of  larger  muscle  cells  found  at  L.Af.  in  fig.  i. 
Under  greater  magnification.    For  explanations  see  text.     X  1150. 

Fig.  4.  Longitudinal  vertical  section  of  C  region  in  9-day-old  embryo,  ventral  portion. 
Between  marks  O  O  are  seen  same  parts  of  seven  myotomes  as  are  shown 
at  L.M.  in  preceding  figure  in  transverse  section.  Note  heavy  development 
of  these  cells.  A  line  drawn  between  marks  0  0  would  indicate  location  of 
seven  groups  of  vertebral  fibers  in  next  few  mediad  sections. 

Plate  2. 

Fig.  5.  Transverse  section  of  body  of  12-day-old  Gymnarchus  embryo  in  region  CC\,  D, 
dorsal  electric  spindle;  U,M,  upper  median  spindle;  Ir.lf,  Tower  median 
spindle;  7,  ventral  spindle;  Conn.T,  connective-tissue  septum;  N,  canalis 
centralis.    Bi  and  Btt  caudal  blood-vessels.     X  no. 

Fig.    6.  Three  degeneraring  muscle  cells  from  another  (3)  zone  in  fig.  12.     X  1440. 

Fig.  7.  Electric  spindle  showing  finst  stage  where  electric  muscle  cells  can  be  called  an 
electroplax.  Complete  coalesence  has  taken  place.  Nuclei  are  in  peripheral 
layer.  Myofibrils  are  concentrated  in  middle  to  form  central  fibrillar  core  of 
structure.     X  1150. 

Fig.  8.  Transverse  section  of  upper  dorsal  part  of  spinal  cord  in  a  Gymnarchus,  embryo 
9  days  old.  Neuroblasts,  in  region  that  will  later  show  electric  motor-cells, 
show  some  little  differentiation  and  growth.  Near,  and  above,  this  region  is 
one  of  the  transitory  giant  ganglion  cells.     X  940. 

Plate  3, 

Fig.  9.  Transverse  section  of  left  ventral  spindle  from  region  C  in  embryo  of  12  days.  To 
left  of  dotted  line  are  normal  muscle  celk,  to  right  are  degenerating  muscle 
cells,  in  the  midst  of  which,  and  surrounded  by  dotted  circle,  are  a  group  of 
muscle  cells  going  through  the  first  steps  of  transformation  into  electric 
tissue.     X  1 150. 

Fig.  10.  Transverse  section  of  ventral  electric  spindle  in  process  of  formation  in  region  B, 
of  12-day-old  embryo  of  Gymnarchus,  At  left  of  figure  two  muscle  cells 
begin  to  degenerate,  while  just  to  right  of  upper  one  of  this  pair  a  muscle  cell 
is  seen  in  advanced  stage  of  atrophy.  Connective-tissue  capsule  beginning 
to  form.    Electric  muscle  cells  rather  more  coalesced  than  in  fig.  9.     X  1 150. 

Fig.  II.  Transverse  section  of  upper  middle  electric  spindle  in  same  section  as  fig.  10. 
Rapidly  degenerating  muscle  cells  to  left.  Further  coalescence  of  electric 
muscle  cells  than  in  fig.  10.  Myofibrils  weakening  but  still  in  separate 
groups.     X  1 150. 

Plate  4. 

Fig.  12.  Longitudinal  vertical  section  of  dorsal  part  of  region  D  of  12-day-old  embryo  of 
Gymnarchus,  showing  relations  of  muscle  tissue  and  electric  tissue.  Bracket 
I  indicates  zone  of  degenerating  muscle  fibers  on  inner  median  edge  of  five 
myotomes,  on  ventral  side  of  median  connective  tissue;  zone  %  shows  atrophy- 
ing muscle  fibers  on  inner  median  edge  of  myotomes,  dorsad  of  median  con- 
nective tissue;  zone  4,  rudiment  of  upper  median  electric  spindle;  zone  5, 
same  of  dorsal  electric  spindle;  zone  6,  muscle  tissue  from  ventral  spindle  to 
dorsal  outer  edge;  zone  7,  connective  tissue;  zone  8,  dorsal  epithelium. 
X140. 
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Fig.  13.  Longitudinal  vertical  section  of  ventral  part  of  region  C  of  12-day-old  embryo  of 
Gymnarchus,  Zone  i  indicates  ventral  epithelium;  zone  2,  ventral  outer 
portions  of  five  myotomes;  zone  3,  lower  median  electric  spindle  which  is 
dividing  into  three  parts  in  five  vertebral  segments;  zone  4,  inner  degener- 
ating muscle  fibers  of  five  myotomes;  zone  5,  projected  outline  of  vertebral 
segments.     X  140. 

Fig.  14.  Motor  nerve  cells  from  spinal  cord  of  42-day-old  larva  of  Gymnarchus,  A,  B, 
and  C,  three  electric  motor  nerve  cells.  D  and  E,  two  muscle  motor  nerve 
cells.    From  region  E,     X  1500. 

Plate  5. 

Fig.  15.  More  highly  magnified  part  of  fig.  12.     Brackets  indicate  same  zones.     X  760. 

Fig.  16.  Highly  magnified  part  of  transverse  section  through  an  electroplax  from  C  region 
of  42-day-old  larva  of  Gymnarchus,  Curving  bundles  of  modified  myofibrils 
are  seen  in  core  and  cut  at  various  angles.  Outer  or  electric  layer  is  fixed  and 
stained  to  show  finer  outer  granules  or  electrochondria.  Vacuoles  as  well  as 
larger  meshes  of  the  linom  are  visible  on  inner  edge  of  electric  layer.  Elec- 
tric nerves  are  cut  in  sections  at  many  angles  and  show  medullary  or  connec- 
tive-tissue sheath  and  its  nuclei.  At  two  points  branching  of  these  nerve  fibers 
is  visible  and  at  four  points  its  contact  with  electric  layer  of  electroplax  is 
to  be  seen.     X  1500. 

Plate  6. 

Fig.  17.  Longitudinal  section  of  a  youn^  electroplax  from  B  region  of  12-day-oId  embryo. 
Segmentation  of  electric  tissue  is  now  complete  into  unit  electroplaxes  of 
which  figure  is  good  example.  Central  fibril  bundle  beginning  to  lose  its 
transverse  striation.  Structure  is  as  long  as  three  muscle  segments  or  bony 
segments,  as  near-by  spinal  processes  show.  This  represents  oldest  stage  in 
embryo  of  this  age.     X  210. 

Fig.  18.  Longitudinal  section  of  young  electroplax  from  C  region  of  42-day-old  larva  of 
Gymnarchus.  Fibrils  have  lost  all  striation  and  become  waved  in  middle 
part.  Cytoplasm  shows  strong  differentiation  at  two  poles  (ends).  Anterior 
end  strongly  vacuolized.  Papillae  begin  to  grow  from  ends  of  middle  part 
and  nerve-endings  have  become  established  at  junction  of  posterior  third 
with  middle  third.  This  shows  youngest  stage  in  42-day-old  larva  and  is  a 
successively  later  step  in  differentiation  than  ng.  17.     X  210. 

Fig.  19.  Longitudinal  section  of  an  electroplax  from  E  region  of  42-day-old  larva  of  Gynt" 
narchus,  Fibral  bundle  much  "waved"  in  middle  third,  which  now  begins 
to  show  form  of  electroplax.  Papillae  more  developed.  Nucleus  and  some 
cytoplasm  inclosed  in  fibrillar  core.     X  210. 

Plate  7. 

Fig.  20.  Longitudinal  section  of  another  electroplax  from  further  caudad  in  E  region  of 
same  larva  of  Gymnarchus,  This  represents  oldest  stage  accessible  and  is 
regarded  as  almost  adult  in  its  histological  characteristics.  Two  nuclei 
shown  in  fibrillar  core;  one  of  these  shows  characteristic  swelling. 

Plate  8. 

Fig.  21.  Transverse  section  of  body  of  42-day-old  embryo  of  Gymnarchus  from  D  region. 
Greater  part  of  muscle  tissue  is  here  transformed  into  electric  tissue.  Section 
passes  through  very  last  part  of  dorsal  fin.  Electroplaxes  cut  at  different 
levels  and  in  one  case  section  passes  through  right  ventral  spindle  showing 
only  electric  connective  tissue.  D,  dorsal  spindles;  t/.Af,  upper  middle 
spindles;  L.M,  lower  middle  spindles;  F,  ventral  spindles;  Bi  and  Bt, 
caudal  blood-vessels;  N,  neural  canal.  Nu  Ntf  iV|,  and  N^^  electric  nerves; 
Nt,  lateral  line  nerve.     X  no. 

Fig.  22.  Part  of  transverse  section  from  middle  part  of  an  electroplax  in  E  region  of  same 
larva  of  Gymnarchus,  This  figure  serves  well  to  show  larger  granules  that 
lie  deeper  in  electric  layer,  also  connective-tissue  sheath  or  wall  of  electric 
spindle.     X  1500. 

Plate  9. 

Fig.  23.  Longitudinal  section  from  E  region,  showing  parts  or  whole  of  11  electroplaxes 
lying  in  dorsal,  upper  midale,  and  lower  middle  spindles.  Some  remaining 
muscle  fibers  are  visible  at  sides.  Figure  serves  to  show  that  there  is  no 
heavier,  transverse  connective-tissue  wall  lying  in  electric  connective  tissue, 
as  is  found  in  Mormyrus,  This  emphasizes  secondary  segmentation  found  in 
Gymnarchus,  X  no. 
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Fig.  24.  Small  part  from  edge  of  basal  part  of  a  papilla  on  posterior  surface  of  an  electroplax 
from  C  region  of  42-dav-old  Gymnarchus,  bhows  a  single  nerve,  ending  in  a 
somewhat  elongate  ancl  branched  end-plate  in  electric  layer.  Outer  crowded 
mass  of  granules  stained  deeply  with  eosin;  larger  inner  granules  not  stained. 
X  1500. 

Fig.  25.  Small  part  of  edge  of  another  part  of  anterior  surface  of  same  electroplax.  Shows 
a  nerve  fiber  dividing  and  each  branch  ending  in  typical  club-shaped  nerve 
ending  of  Gymnarchus,     X  2200. 
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THE  DEVELOPMENT  OF  THE  APYRENE  SPERMATOZOA  OF 
STROMBUS  BITUBERGULATUS. 


By  Edwin  E.  Reinke. 


INTRODUCnON. 

The  fact  that  there  is  a  dimorphism  in  the  male  sex  cells  of  many  Proso- 
brachs  is  well  known  at  the  present  day.  This  is  due  to  the  great  number 
of  investigations  that  have  been  directed  to  the  subject,  but,  in  spite  of 
them  all,  we  are  still  as  much  in  the  dark  as  regards  the  function  of  the 
atypical  spermatozoa  as  were  the  earlier  investigators  who  did  their  work 
more  than  half  a  century  ago.  Furthermore,  while  the  list  of  Prosobranchs 
in  which  this  dimorphism  obtains  has  been  extended  to  a  great  many  forms, 
in  only  a  few  of  them  do  we  have  careful  descriptions  of  the  structure  of 
the  at3^ical  spermatozoa,  and  in  only  one  case  (Paludina)  is  there  a  complete 
account  of  their  development. 

Obviously  the  solution  of  the  problem  is  to  be  sought  in  a  study  of  as 
many  forms  as  possible,  for  I  believe  that  each  form  has  not  only  its  own 
peculiarity  in  structure,  be  it  great  or  small,  but  also  its  peculiarity  in 
development.  By  peculiarity  I  mean  not  only  the  differences  in  form  and 
size  and  in  development  between  the  tjrpical  and  the  atypical  spermatozoa 
of  any  one  genus,  but  also  the  differences  between  the  atypical  spermatozoa 
of  different  genera.  In  a  comparative  study  of  these  peculiarities  and 
differences  may  be  found  the  explanation  of  the  existence  of  the  dimorphic 
spermatozoa.  Comprehensive  work  such  as  this  has  already  been  begun; 
Kuschakewitsch  ('ii)  has  reported  briefly  upon  the  first  two  of  a  series  of 
forms  under  investigation  by  him,  and  the  writer  has  recently  done  the 
same  for  Strombus. 

My  attention  was  first  called  to  the  question  of  the  dimorphic  sper- 
matozoa in  Prosobranchs  by  Professor  E.  G.  Conklin.  At  his  suggestion 
Urosalpinx  cinerea  was  made  the  main  object  of  the  investigation,  supple- 
mented by  comparisons  with  the  fresh-water  snails  Goniobasis  virginica  and 
Paludina  vioipara  (the  Japanese  variety).  Material  was  collected  and 
considerable  work  was  done  on  these  forms.  But  in  May  191 1,  while  at 
the  temporary  laboratory  of  the  Carnegie  Institution  of  Washington 
established  at  Port  Royal,  Jamaica,  I  was  afforded  the  opportunity  of 
studying  and  collecting  material  of  various  Prosobranchs,  including  Strombus 
bUuberculalus.  This  form  proved  so  interesting  and  so  favorable  for  research 
that  my  immediate  attention  was  centered  upon  it.    My  work  was  further 
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advanced  by  another  visit,  in  March  1912,  to  the  temporary  laboratory  of 

the  Carnegie  Institution,  this  time  at  Montego  Bay,  Jamaica.    Here  I  was 

able  to  carry  on  with  partial  success  some  experimental  work  and  also  to 

verify  in  the  living  celb  most  of  the  stages  in  the  development  of  the  apyrene 

spermatozoa  that  I  had  traced  in  preserved  material. 

My  thanks  are  due  to  the  Carnegie  Institution  for  the  privileges  extended 

to  me  on  both  occasions,  and  in  particular  to  Dr.  A.  G.  Mayer,  the  Director 

of  the  Department  of  Marine  Biology.    Dr.  H.  A.  Pilsbury  of  the  Academy 

of  Natural  Sciences  of  Philadelphia  very  kindly  identified  the  species  for  me. 

I  am  under  great  obligation  to  Dr.  L.  R.  Cary,  of  the  Department  of  Biology, 

Princeton  University,  for  turning  over  to  me  his  sectioned  material  of  the 

testis  and  oviduct  of  Goniobasis.    Finally,  I  wish  to  express  a  very  sincere 

gratitude  to  Professor  Conklin,  not  only  for  his  many  invaluable  suggestions 

and  criticisms,  but  also  for  the  keen  interest  which  he  has  at  all  times  taken 

in  the  work. 

HISTORICAL. 

In  1837  V.  Siebold  discovered  the  fact  that  there  are  two  kinds  of  sper- 
matozoa in  the  testis  of  Paludina  vivipara.  The  typical  ones  he  called  hair- 
shaped  and  the  others  worm-shaped  spermatozoa.  Since  then  the  question 
of  this  dimorphism  has  been  investigated  by  several  writers  nearly  all  of 
whom  have  given  their  attention  mainly  to  Paludina. 

Paasch  ('43)  and  Kdlliker  ('41  and  '47)  denied  the  existence  of  the 
so-called  worm-shaped  spermatozoa  of  v.  Siebold,  the  former  interpreting 
them  as  being  bundles  of  the  hair-shaped  spermatozoa  and  the  latter 
claiming  them  to  be  different  stages  in  the  development  of  a  single  kind  of 
spermatozoon.  Leydig  C50),  however,  not  only  agreed  with  v.  Siebold  as 
to  the  existence  of  a  dimorphism  in  the  spermatozoa  of  Paludina^  but  also 
corroborated  his  description  of  the  development  of  the  worm-shaped  kind. 
His  views  were  very  generally  accepted  until  Duval  (*8o)  investigated  the 
question.  He  described  an  independent  origin  for  the  two  kinds  of  sper- 
matozoa, but  in  other  respects  his  work  was  shown  by  v.  Brunn  ('84)  to  be 
quite  inaccurate. 

Although  entirely  confused  in  the  successions  of  cell-generations,  v. 
Brunn  made  a  nearer  approach  to  the  facts  in  the  case  than  anyone  had 
done  previously.  He  also  described  the  dimorphic  spermatozoa  in  five 
genera  besides  Paludina  and  later  in  the  same  year  extended  the  entire  list 
to  include  the  following  forms:  Paludina  vivipara,  Ampullaria  (sp.?),  Murex 
brandaris,  M.  erinaceus,  M.  trunculus,  Cerithium  vulgatum,  Nassa  mutabilis, 
Fusus  syracusanus,  Marsenia  (sp.?),  Aporrhais  pes  pelicani,  Cassidaria  echin- 
ophora,  Dolium  galea,  Tritonium  cutaceum,  T.  parthenopeum,  Vermetus  gigas. 

Brock  ('87)  added  to  this  list  by  describing  the  atypical  spermatozoa  in 
three  exotic  Prosobranchs,  Pteroceras  lambis,  Strombus  lentiginosus^  Cyprtea 
annulus,  C.  caput  serpentis,  and  C.  lurida.  As  regards  Strombus,  his  descrip* 
tions  and  observations  are  quite  accurate  as  far  as  they  go,  but  his  figures 
are  lacking  in  detail. 
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There  then  followed  two  papers,  one  by  Kdhler  ('89)  on  Murex,  and  the 
other  by  Auerbadi  ('96)  on  Paludina.  These  authors  established  the 
fact  that  there  is  an  almost  complete  loss  of  chromatin  during  the  develop- 
ment of  the  worm-shaped  spermatozoa,  but  they  too  were  unable  suc- 
cessfully to  trace  the  succession  of  cell-generations  and  thus  they  made 
little  or  no  material  advance  over  the  work  of  v.  Brunn.  To  these  obser- 
vations Erlanger  ('97)  added  a  minute  description  of  the  adult  worm- 
shaped  spermatozoon  in  Paludina. 

It  is  unnecessary  here  to  go  into  a  detailed  discussion  of  the  literature 
mentioned  above,  as  it  has  all  been  discussed  in  the  work  of  Meves  C03). 
This  author  has  given  a  detailed  and  correct  description  of  all  the  various 
stages  in  the  development  of  both  kinds  of  spermatozoa  in  Paludina. 
Furthermore,  he  has  given  careful  consideration  to  the  findings  of  the  more 
important  of  the  earlier  writers  and  has  shown  wherein  they  were  in  error. 

Meves  describes  the  earliest  differentiation  between  the  two  kinds  of 
spermatozoa  as  occurring  during  the  growth  period  of  the  spermatocytes, 
the  spermatogonia  of  both  being  alike.  He  denies  the  statement  of  v. 
Brunn  that  the  basal  nuclei  reproduce  by  direct  division.  This  seems  to 
the  writer  to  be  a  debatable  ground  and  forms  the  only  weak  point  in 
the  work  of  Meves.  v.  Brunn,  of  course,  was  quite  wrong  in  supposing 
that  the  cells  formed  by  this  direct  division  of  the  basal  nuclei  give  rise 
eventually  to  both  kinds  of  spermatozoa;  he  failed  to  recognize  the  sper- 
matogonia as  distinct  primitive  elements  of  the  testis.  According  to 
Meves  these  cells  undergo  unequal  growth  and  thus  give  rise  to  both  the 
hair-shaped  and  the  worm-shaped  spermatozoa.  At  the  suggestion  of 
Waldeyer  he  uses  the  terms  eupyrene  and  oHgopyrene  to  describe  the  two 
kinds  of  spermatozoa.  The  words  have  reference  to  their  adult  condition, 
f.  e.,  those  provided  with  the  ordinary  amount  of  nuclear  material  and 
those  with  but  a  little;  similarly,  apyrene  spermatozoa  are  those  in  which 
the  entire  nucleus  disappears. 

According  to  Meves,  the  oligopyrene  spermatocytes  of  Paludina  grow 
very  much  larger  than  the  eupyrene  and  are  clearly  distinguishable,  not 
only  on  account  of  their  increased  size,  but  also  on  account  of  their  peculiar 
pattern  and  the  presence  of  a  large  centriole  and  sphere.  Preparatory  to 
cell-division,  this  centriole  divides  and  a  little  later  both  halves  fragment 
into  many  smaller  centrioles.  The  division  which  now  occurs  is  abnormal. 
Two  groups  of  very  small  centrioles  form  the  poles  of  an  ill-defined  spindle. 
The  daughter  chromosomes  pass  to  both  poles,  but  before  the  division  of 
the  cell-body  is  completed  the  majority  of  them  scatter  again  throughout 
the  cytoplasm;  four  of  the  chromosomes,  however,  remain  at  the  poles  to 
form  the  new  nuclei.  These  become  vesiculated  and  may  all  unite  with 
one  another  or  some  may  unite  and  others  remain  single  or  all  may  remain 
single.  Thus  there  may  be  four,  three,  two  or  only  one  nuclear  vesicle  in 
the  secondary  spermatocyte.  The  remaining  ten  chromosomes  undergo  a 
peculiar  vesiculation  in  that  the  chromatin  becomes  lumped  as  a  crescent 
on  one  side  of  the  vesicle. 
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The  second  division  follows  immediately  and  is  even  more  abnormal 
than  the  first.  The  centrioles  scatter  to  the  periphery  and  from  each 
there  pass  out  radiations.  With  the  dissolution  of  the  nuclear  membrane 
or  membranes,  as  the  case  may  be,  four  new  chromosomes  make  their 
appearance;  these  all  show  a  longitudinal  split.  Very  soon,  radiations 
from  a  centriole  are  attached  to  each  of  the  new  chromosomes  and  they 
are  drawn  to  various  points  near  the  periphery  of  the  cell.  By  this  time 
the  ten  vesiculated  chromosomes  remaining  from  the  first  division  have 
been  inclosed  in  a  sort  of  capsule  and  are  thus  prevented  from  participating 
in  the  ensuing  division.  This  is  introduced  by  a  slight  elongation  of  the 
cell.  Next,  the  centrioles  move  to  the  two  ends  of  the  cell  and  in  so  doing 
they  form  a  spindle;  one  daughter  chromosome  then  passes  to  each  pole» 
while  the  other  chromosomes  remain  scattered  in  the  cytoplasm.  With  the 
division  of  the  cell-body,  the  vesiculated  chromosomes  (inclosed  in  their 
capsule)  pass  into  one  or  the  other  of  the  daughter  cells,  where  they  are 
set  free  by  the  dissolution  of  the  capsule. 

As  a  result  of  this  division,  Meves  holds  that  the  new  nucleus  is  formed 
out  of  only  a  single  chromosome,  which  very  quickly  becomes  vesiculated 
and  increases  in  size;  all  of  the  other  chromosomes  are  gradually  dissolved 
in  the  cytoplasm.  Before  the  process  of  division  is  completed,  dlia  grow 
out  from  the  centrioles,  forming  a  brush  at  each  pole  of  the  dividing  cell. 
After  the  cell  has  divided,  the  centrioles  divide  and  their  distal  halves  begin 
to  move  across  the  cell.  A  connection  in  the  form  of  a  fiber  is  always 
maintained  between  the  proximal  and  the  distal  halves  of  the  centrioles, 
the  former  remaining  attached  to  the  cell-wall.  The  nucleus  in  the  mean- 
while decreases  in  size  and  its  chromatin  forms  a  layer  under  the  nuclear 
membrane.  It  moves  closer  to  the  plate  of  dividing  centrioles.  The  con- 
tinued movement  of  the  distal  centrioles  across  the  cell  results  in  pushing 
the  nucleus  against  the  cell-wall  and  in  forming  the  bundle  of  axial  fibers 
between  the  proximal  and  distal  centrioles.  Further  growth  of  the  axial 
fibers  is  accompanied  by  a  gradual  lengthening  of  the  cell  until  the  typical 
worm-shaped  condition  is  reached.  At  the  very  end  of  the  spermatozoon 
the  nucleus  forms  a  thimble-like  cap  over  the  end  of  the  bundle  of  axial 
fibers. 

In  formulating  an  hypothesis  to  explain  the  problematical  function  of 
the  oligopyrene  spermatozoa,  Meves  discusses  the  theories  of  v.  Brunn  and 
Brock.  V.  Brunn  believed  them  to  be  rudimentary  eggs  and  therefore 
functionless,  and  this  for  two  reasons:  first,  after  careful  investigation  he 
failed  to  find  them  either  fertilizing  the  ovum  or  even  present  in  the  oviduct; 
second,  he  believed  their  development  bore  resemblances  to  that  of  the  ova, 
These  views  Brock  attempted  to  refute  on  the  grounds  that  any  such  rudi- 
meatary  structure  must  have  a  proved  homology  with  some  still  functioning 
part  or  organ  and  its  departure  in  structure  and  development  must  be 
shown  to  be  due  to  retrogressions;  furthermore,  if  the  dimorphism  of 
spermatozoa  is  to  point  to  an  ancestral  hermaphroditism,  as  v.  Brunn 
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claimed,  the  lower  Prosobranchs  should  show  this  peculiarity,  which  they 
do  not.     He  comes  to  the  conclusion,  then,  that  they  are  functionless. 

Now  Meves  has  shown  that  the  oligopyrene  spermatozoa  of  Paludina 
in  their  development  show  a  marked  parallelism — ^not  to  the  ova,  but 
to  the  true  spermatozoa,  and  that  they  are  produced  in  numbers  equal  to 
the  latter.  He  suggests  that  there  may  be  certain  conditions  under  which 
they  do  fertilize  the  eggs;  granting  that  they  do  and  since  the  nucleus  is 
accepted  to  be  the  bearer  of  heredity,  then  an  embryo  resulting  from  an 
egg  fertilized  by  an  oligopyrene  or  apyrene  spermatozoon  would  show  pre- 
ponderating female  characteristics.  Such  a  case  would  prove  the  hypothesis 
that  the  nucleus  is  the  bearer  of  heredity.  The  spermatozoon  would  then 
have,  either  primarily  or  solely,  the  mere  function  of  stimulating  the  egg  to 
division.  According  to  Boveri,  this  stimulus  is  due  to  the  introduction  of  a 
centrosome  into  the  egg.  But  if  it  should  be  shown  that  actually  the  oli- 
gopyrene spermatozoa  never  fertilize  the  egg,  then  Meves  would  take  the 
view,  with  Brock,  that  they  are  functionless. 

Stephan  Co3a)  investigated  the  apyrene  spermatozoa  of  Cerithium  vuU 
gatum,  Murex  trunculus,  M.  brandaris,  Triton  nodifer,  and  Nassa  mtUabilis. 
All  of  these  forms  he  reported  to  have  apyrene  spermatozoa  whose  devel- 
opment is  comparable  to  that  of  the  oligopyrene  of  Paludina.  All  of  the 
chromatin  disappears  in  the  atypical  spermatozoa  of  these  forms  and  in 
every  case  except  Cerithium  the  bundle  of  axial  fibers  never  comes  into 
contact  with  an  existing  nucleus,  as  is  the  case  in  Paludina.  In  Cerithium 
the  advancing  bundle  of  axial  fibers  does  touch  a  small  nucleus  which  is 
the  equivalent  of  a  chromosome.  Before  the  fibers  have  completed  their 
growth,  however,  this  small  nucleus  degenerates  and  disappears  completely. 
Again,  in  Cerithium,  as  in  Paludina,  the  cilia  persist,  while  in  the  other 
forms  they  are  retracted  before  the  spermatozoon  has  fully  matured. 
Upon  these  facts  and  also  upon  the  positions  of  the  anterior  centrosomal 
structure  in  the  adult  atypical  spermatozoa  of  the  different  forms  under 
investigation,  he  concludes  that  gradations  may  be  established  between 
the  different  types  of  atypical  spermatozoa,  with  Cerithium  occupying  an 
intermediary  position  between  Paludina  and  the  others. 

In  another  paper  Stephan  C03&)  described  briefly  the  development  of 
the  apyrene  spermatozoa  of  Murex  brandaris.  The  development  here  agrees 
in  general  with  the  description  given  by  Meves  for  the  oligopyrene  sper- 
matozoa of  Paludina.  It  differs  in  the  facts  that  there  is  an  intense  vacu- 
olization of  the  cytoplasm  and  that  there  is  no  nuclear  element  in  the  adult 
spermatozoon.^ 

Basing  his  conclusions  on  certain  observations  of  Popoff  which  were 
published  later,  R.  Hertwig  ('05)  expressed  his  belief  that  the  oligopyrene 
and  apyrene  spermatozoa  serve  to  fertilize  the  egg,  but  such  fertilization 
would  not  be  a  uniting  of  the  male  and  female  nuclear  components,  and 
would  stand  on  the  boundary  between  parthenogenesis  and  true  fertilization. 

>  A  third  paper  by  Stephan  ('03c)  on  the  derelopnient  of  the  apyxene  spermatoxoa  of  Ctrithium  wulgatum 
and  Nassa  mutabtliSt  with  two  figures,  was  inaccessible  to  me. 
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This  fertilization  would  result,  according  to  Hertwig,  in  the  production  of 
males:  "The  sex-determining  capacity  which  is  indicated  in  the  female 
by  the  formation  of  large  eggs  that  are  rich  in  yolk  and  small  rudimentary 
ones,  in  this  case  would  be  transferred  to  the  male  sex." 

Retzius  ('06)  described  and  figured  the  atypical  spermatozoa  of  Aporrhais 
pes  pelicani,  TurriteUa  terebra,  Murex  truncidus,  Fusus  despectus,  and  Buc- 
ctnum  undaium. 

Popoff  C07)  made  a  series  of  very  careful  and  important  observations 
upon  Paludina.  He  examined  the  seminal  receptacles  of  a  great  number  of 
females  at  all  times  during  the  period  of  their  sexual  activity  (May  to 
November).  He  found  that  any  one  of  the  following  conditions  may 
obtain:  (i)  The  receptacle  may  contain  normal  eupyrene  and  oligopyrene 
spermatozoa;  (2)  it  may  contain  normal  eupyrene  and  degenerating  oli- 
gopyrene  spermatozoa;  (3)  it  may  contain  only  eupyrene  spermatozoa; 
(4)  it  may  be  completely  empty.  Of  the  476  females  examined  during  the 
whole  period,  in  176  cases  the  receptacle  contained  normal  eupyrene  and 
oligopyrene  spermatozoa;  the  proportion  of  the  cases  in  this  condition  to 
the  total  number  examined  at  any  one  time  showed  a  decided  fall  after  the 
period  of  greatest  sexual  activity  was  reached  (July).  The  condition  which 
obtained  in  the  next  greatest  number  of  cases  (152)  was  the  fourth,  in 
which  the  receptacle  was  empty,  and  here  the  percentages  of  cases  increased 
as  the  season  advanced.  In  89  cases  the  receptacle  was  found  to  contain 
only  eupyrene  spermatozoa,  i.  e.,  the  third  condition;  the  percentage  of 
these  cases  fell  during  August  and  then  held  fairly  constant.  Finally,  only 
39  individuals  were  found  to  be  in  the  second  condition  (normal  eupyrene 
and  degenerating  oligopyrene  spermatozoa  in  the  receptacle);  here  the 
percentage  of  cases  gradually  increased  until  August  and  then  fell  in  Sep- 
tember. 

These  facts  indicated  that  the  oligopyrene  spermatozoa  are  shorter-lived 
than  the  eupyrene.  In  order  to  ascertain  this  definitely,  Popoff  segr^;ated 
a  number  of  females  from  the  males  immediately  after  copulation.  From 
time  to  time  the  seminal  receptacles  of  several  of  these  females  were  ex- 
amined and  as  a  result  he  was  able  to  establish  the  fact  that  after  10  to  12 
days  the  oligopyrene  spermatozoa  begin  to  degenerate,  while  this  does  not 
occur  among  the  eupyrene  until  after  about  25  days. 

In  addition  to  this,  Popoff  found  both  kinds  of  spermatozoa  in  equal 
numbers  in  sections  of  the  oviduct;  only  in  the  case  of  animals  whose 
receptacles  contained  no  oligopyrene  spermatozoa  did  he  fail  to  find  these 
forms  in  the  oviduct.  This  would  indicate  that  the  function  of  the  oligo- 
pyrene spermatozoa  is  to  participate  in  the  fertilization  of  the  egg.  His 
results,  however,  in  attempting  to  obtain  eggs  at  the  time  of  fertilization 
were  practically  negative.  In  three  eggs,  which  constituted  the  only  clear 
cases,  Popoff  found  that  the  spermatozoa  which  had  entered  were  eupyrene, 
so  that  nothing  could  be  stated  with  certainty  concerning  the  function  of  the 
oligopyrene  spermatozoa.    He  thinks,  however,  if  they  may  be  said  to  have 
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any  function  with  regard  to  the  egg  (as  is  indicated  by  their  presence  in 
the  oviduct),  that  this  function  can  only  be  of  a  sex-determining  character. 

Lams  ('09)*  reported  briefly  that  the  development  of  the  atypical  sper- 
matozoa in  Murex  confirms  the  description  given  by  Meves  for  Paludina. 
In  sectioned  eggs  he  was  able  to  find  only  eup3rrene  spermatozoa  and  there- 
fore came  to  the  conclusion  that  they  alone  serve  to  fertilize  the  egg. 

The  experiments  of  Kuschakewitsch  ('10)  have  led  to  some  very  inter- 
esting results.  By  obtaining  the  ripe  eggs  of  Aporrhais  pes  pdicani  from 
the  oviduct  and  mixing  them  with  a  mass  of  both  kinds  of  spermatozoa 
which  had  been  diluted  with  sea-water,  he  was  able  to  observe  the  matura- 
tion and  the  first  two  cleavages  of  from  10  to  40  per  cent  of  the  ^[gs  thus 
treated.  In  many  instances  he  could  see  the  formation  of  an  entrance-cone 
and  the  entrance  of  the  spermatozoon  itself  into  the  egg,  but  in  no  case  was 
he  able  to  observe  the  same  processes  for  the  atypical  spermatozoa.  But 
in  sections  of  egg&  which  had  been  killed  20  minutes  after  mixing  with 
spermatozoa,  he  found  that  the  apyrene  spermatozoa  can  and  do  enter  the 
eggs,  either  alone  or  in  addition  to  the  eupjrrene  spermatozoa.  Here  the 
apyrene  forms  undergo  a  series  of  degenerative  changes  and  are  finally 
extruded.  In  later  stages,  during  and  after  the  first  maturation  spindle, 
their  presence  in  the  egg  has  never  been  detected. 

Here  it  is  seen,  then,  that  the  apyrene  spermatozoa  were  extruded  before 
any  nuclear  changes  had  taken  place  in  the  egg.  Again,  in  some  Proso- 
branchs  the  apyrene  spermatozoa  are  very  large  and  totally  immotile,  so 
that  one  can  hardly  imagine  that  they  can  in  any  way  get  into  the  egg.  In 
view  of  these  facts  Kuschakewitsch  has  come  to  the  conclusion  that  any  sex- 
determining  function  in  the  apyrene  spermatozoa  is  to  be  doubted. 

Finally,  Kuschakewitsch  ('11)  has  briefly  described  the  development  of 
the  eupyrene  and  the  apyrene  spermatozoa  in  Conus  tnediterraneus  and  of 
the  apyrene  spermatozoa  in  Vermetus  gigas.  In  both  cases  the  development 
of  the  apyrene  spermatozoa  shows  many  differences  from  that  of  the  oligo- 
pyrene  of  Paludina.  All  three  forms,  however,  have  in  common  the 
greatly  increased  growth  of  the  spermatocytes  as  the  starting-point  of  the 
differentiation  between  the  typical  and  the  atypical  spermatozoa. 

Kuschakewitsch  finds  that  in  Conus  no  divisions  occur  in  the  develop- 
ment of  the  apyrene  spennatozoa  and  that  the  spermatocyte  is  transformed 
into  the  spermatozoon  by  the  disappearance  of  all  the  nuclear  material 
and  the  subsequent  growth  of  two  fibers  and  two  flagella  from  the  centrioles. 
The  nucleus  may  either  gradually  dissolve  as  a  whole  or  it  may  fragment. 
The  process  of  fragmentation  may  take  place  in  either  of  two  ways:  the 
nucleus  may  become  vesiculated  and  then  break  down  into  two  and  later 
into  several  compact  and  vacuolated  spheres,  or  it  may  become  compact 
and  break  down  into  a  number  of  dense  chromatic  bodies  which  probably 
represent  chromosomes.  In  either  case  the  end  result  is  the  disappearance 
of  all  the  chromatin.    The  two  fibers  eventually  come  to  lie  at  the  surface 

>  I  have  been  VMble  to  obtaJa  thit  pubUcation  and  have  tbeiefoie  leHed  upoo  Um  levlew  of  H  ghm  by 
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of  the  cell  and  the  flagella  with  the  pair  of  centrioles  belonging  to  them  at 
one  of  the  ends  of  the  spermatozoon.  The  conduct  of  the  mitochondria 
is  very  striking;  they  appear  first  as  granules,  but  eventually  form  fibers. 
During  the  course  of  development  one  or  more  vacuoles  appear  in  the  cell, 
which  are  quite  characteristic  of  the  adult  spermatozoon. 

In  Vermetus,  too,  he  finds  that  there  is  a  direct  breaking  down  of  the 
nucleus  of  the  spermatocyte.  The  chromatin  forms  into  karyomerites  and 
upon  the  dissolution  of  the  nuclear  membrane  these  lie  free  in  the  cytoplasm 
and  are  all  gradually  absorbed.  In  the  spermatocyte  there  is  to  be  seen  a 
pair  of  centrioles  lying  in  a  thicker  mass  of  cytoplasm ;  these  form  a  group  of 
secondary  centrioles  at  one  pole  of  the  cell  at  the  time  of  the  dissolution  of 
the  nuclear  membrane  or  immediately  afterwards.  The  secondary  centri- 
oles give  rise  to  a  number  of  threads  which  eventually  form  a  bundle  of 
axial  fibers  whose  middle  portion  passes  through  the  center  of  the  cell  and 
whose  ends  extend  beyond  it  in  either  direction.  In  the  cytoplasm  of  the 
cell  there  arise  a  great  number  of  thick-walled  chambers  whose  cavities  are 
filled  with  a  clear  substance.  In  each  of  these  chambers  a  sphere  of  albumen 
is  gradually  formed.  In  the  spheres  themselves  there  appears  either  a  large 
central  vacuole  or  several  smaller  peripheral  ones.  Afterwards  the  contents 
of  these  vacuoles  seem  to  become  greatly  condensed. 

In  his  conclusions  Kuschakewitsch  points  out  the  fact  that  the  develop- 
ment of  the  atypical  spermatozoa  in  Conus  and  Vermetus  does  not  present 
the  same  parallel  to  the  development  of  the  typical  spermatozoa  as  Meves 
established  in  the  case  of  Paludina.  He  thinks,  however,  that  we  are  justi- 
fied in  speaking  of  these  structures  as  "spermatozoa"  when  the  fact  is  borne 
in  mind  that  their  origin  is  the  same  as  that  of  the  oligopyrene  spermatozoa 
of  Paludina  and  Murex  and  that  it  is  hardly  conceivable  that,  in  the  well- 
defined  group  of  Prosobranchs,  structures  with  a  similar  origin  would  have  a 
different  morphological  significance  in  different  members  of  that  group. 
Thus  the  mode  of  the  development  of  the  apyrene  spermatozoa  in  Conus 
and  Vermetus  can  in  no  wise  be  regarded  as  supporting  the  hypothesis  of 
V.  Brumm,  that  these  structures  are  rudimentary  ova.  On  the  contrary,  in 
Conus  true  eggs  appear  in  the  testis  in  addition  to  the  apyrene  spermatozoa.^ 

As  regards  Strombus  the  writer  has  shown  (Reinke  '12)  that  here,  too, 
the  development  of  the  apyrene  spermatozoa  takes  place  without  any 
maturation  divisions,  and  furthermore  that  there  are  no  processes,  such  as 
the  formation  of  chromosomes  and  abortive  spindles,  which  could  be 
described  as  surviving  from  a  condition  in  which  those  divisions  did  take 
place.  In  addition  there  is  the  fact  (which  will  be  shown  in  the  succeeding 
pages)  that  the  apyrene  spermatozoa  are  not  derived  from  the  spermato- 
gonia. But  in  spite  of  these  facts,  there  are  good  reasons  for  still  applying 
the  term  "apyrene  (oligopyrene)  spermatozoa"  to  these  structures.  In  the 
first  place,  the  name  is  well  established  and  has  been  used  commonly,  and 

'Since  the  above  was  written  there  has  appeared  another  paper  by  Kuschakewitsch  giving  a  detailed 
account  of  the  development  of  the  eupyrene  and  apyrene  spermatozoa  In  Conus  and  Vermstns.  In  it  he  states 
that  the  apyrene  spermatocyte  of  Conus  sometimes  undergoes  a  division  after  the  nucleus  has  disappeared. 
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the  words  "apyrene"  and  "oligopyrene"  are  sufficiently  descriptive  to 
distinguish  them  from  the  true  or  "eupyrene"  spermatozoa.  Then  again, 
they  are  spermatozoa  in  the  sense  that  they  are  products  of  the  testis  and 
are  found  in  the  seminal  fluid  along  with  the  true  spermatozoa. 

In  retaining  these  names  the  writer  does  not  mean  to  imply  any  homology 
between  the  apyrene  and  the  eupyrene  spermatozoa.  Indeed,  on  account 
of  the  absolute  lack  of  homology  the  terms  "apyrene  spermatocyte"  and 
"apyrene  spermatid  "  must  be  abandoned.  A  spermatocyte  is  a  cell  which 
is  derived  directly,  by  a  mere  process  of  growth,  from  a  spermatogonium, 
and  a  spermatid  is  one  of  the  four  cells  resulting  from  the  two  maturation 
divisions  which  such  a  spermatocyte  has  undergone  and  which  is  then 
transformed  into  a  spermatozoon.  The  cells  which  give  rise  to  the  apyrene 
spermatozoa  of  Strombus  go  through  two  distinct  periods  of  development  and 
at  no  time  can  they  be  homologized  with  either  the  eupyrene  spermatocytes 
or  spermatids. 

The  first  of  these  periods  starts  at  the  time  when  the  cell  is  first  recog- 
nizable in  the  testis.*  This  period  continues  throughout  all  the  stages  of 
the  gradual  but  great  growth  of  the  cell  and  ends  with  the  breaking  down 
of  the  nucleus  and  the  simultaneous  scattering  of  the  centrioles.  The 
second  period  may  be  said  to  begin  with  the  division  of  the  centrioles;  it  is 
a  period  of  marked  cytoplasmic  differentiations  and  it  ends,  of  course,  with 
the  formation  of  the  fully  matured  apyrene  spermatozoon.  For  the  cell 
during  the  first  period  it  is  proposed  to  use  the  name  "apyrene  spermato- 
blast" and  during  the  second  period  to  designate  it  as  the  "apjo-ene  sper- 
matosome."  Both  of  these  words,  "spermatoblast"  and  "spermatosome," 
have  been  used  hitherto  in  various  connections;  neither  of  them  has  the 
restricted  meaning  of  "spermatogonium"  or  "spermatocyte"  and,  as  used 
here,  they  imply  no  homologies  with  either  of  those  structures. 

METHODS. 

Several  fixatives  were  used  for  preserving  the  testis  and  the  uterus  of 
Strombus,  namely,  Bouin's,  Flemming's,  Kelly's,  and  Zenker's  fluids.  Of 
these,  Flemming's  fluid  (strong  solution)  gave  by  far  the  best  results.  Small 
pieces  of  the  tissue  were  fixed  for  from  6  to  8  hours  and  were  then  washed 
for  at  least  the  same  length  of  time,  usually  over  night.  As  a  result  of  such 
fixation  the  osmic  and  acetic  adds  did  not  penetrate  very  strongly  into  the 
inner  portions  of  the  tissue,  and  here  the  preservation  of  the  mitochondria, 
the  spheres,  and  the  fibers  was  all  that  could  be  desired. 

Sections  were  cut  5  micra  thick  and  were  stained  with  iron  haematoxylin, 
followed  by  a  weak  solution  of  erythrosin  in  70  per  cent  alcohol,  which  had 

>  It  may  be  well  to  itate  at  UUb  point  that  the  writer  has  tuooeeded  in  tracing  the  origin  of  these  bcu:k  to 
the  so-called  basal  nuclei  of  Platner.  He  has  found  that  the  nurse-cells  in  the  testis  of  LiUorina  have  a  similar 
origin,  although  the  developmental  changes  are  less  complicated.  It  was  deemed  best,  however,  not  to  present 
the  evidence  of  this  origin  at  this  time,  but  to  wait  until  the  history  of  the  basal  nuclei  had  been  followed,  in  all 
its  details,  not  only  in  these  forms  but  also  in  other  Prosobranchs^  both  those  which  have  dimorphic  spermatosoa 
and  those  which  do  not.  The  scope  of  the  present  paper,  therefore,  is  confined  to  a  description  of  the  develop- 
ment of  these  cells  from  the  time  when  their  nudei  have  been  completely  difiFerentiated  from  the  basal  nuclei 
and  have  been  established  in  the  syncsrtium  of  the  testis  atong  with  the  true  spermatogonia,  each  one  surrounded 
by  its  own  definite  csrtoplasmic  body. 


Digitized  by 


Google 


2o6  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

been  tinged  to  a  purple  color  by  the  addition  of  a  small  quantity  of  a  con- 
centrated solution  of  gentian  violet.  The  gentian  violet  was  added  to 
provide  a  nuclear  stain  for  such  structures  as  had  not  retained  the  iron 
haematoxylin;  it  gave  a  differential  stain  to  the  spheres  and  thus  proved  to 
be  of  considerable  value.  This  stain  has  been  used  subsequentiy  by  other 
workers  in  this  laboratory  with  fair  success.  Sections  of  the  uterus  and  the 
seminal  receptacle  were  stained  in  the  same  way. 

Smears  from  the  testis,  the  vas  deferens,  and  the  seminal  receptacle  were 
prepared  by  making  thin  films  of  the  contents  of  those  organs  diluted  with 
sea-water.  The  films  were  allowed  to  dry  over  osmic  vapor,  were  washed  in 
fresh  water,  and  then  stained  with  Delafield's  or  iron  haematoxylin. 

Sea-water  was  found  to  be  the  best  artificial  medium  for  stud3nuig  the 
living  cells.  The  contents  of  the  testis  or  sperm-duct  were  mixed  with  sea- 
water  and  then  a  drop  of  the  mixture  was  placed  on  a  slide  and  surrounded 
by  a  complete  ring  of  glycerine-gelatine.  In  this  way,  a  cover-glass  placed 
upon  the  drop  was  not  only  supported,  but  it  was  also  given  enough  rigidity 
to  permit  the  use  of  an  oil-immersion  lense.  If  care  were  taken  to  see  that 
the  ring  of  glycerine-gelatine  was  unbroken,  practically  no  evaporation  of 
the  mixture  would  take  place.  Under  these  conditions  the  various  cells  of 
the  testis  would  remain  alive  for  at  least  2  hours.  Sometimes  methylene 
blue  was  used  as  an  intra  vitam  stain,  but  this  was  found  to  be  quite  unneces- 
sary and  to  cause  an  earlier  breakdown  of  the  cells  than  would  otherwise 

occur. 

OBSERVATIONS. 

ADXn-T  SPERMATOZOA. 

The  eupyrene  spermatozoa  of  Strombus  bituberculatus  resemble  in  general 
those  of  other  Prosobranchs.  They  are  relatively  short  when  compared 
with  the  spermatozoa  of  Fasciolaria^  Littorina^  or  NerUina.  The  perfo- 
ratorium is  short  and  conical,  the  head  thick  and  spindle-shaped  (fig.  7). 
The  head  and  the  middle-piece,  which  is  very  slender  and  passes  almost 
imperceptibly  into  the  tail,  constitute  about  half  the  total  length  of  the 
spermatozoon. 

In  marked  contrast  to  them  stand  the  apyrene  spermatozoa  (fig.  6). 
The  term  "worm-shaped"  can  in  no  wise  be  applied  to  these,  as  they  are 
totally  different  from  the  oligopyrene  spermatozoa  of  Paludina.  They  were 
first  described  by  Brock  ('87)  in  the  case  of  5.  lentiginosus  and  again  more 
recentiy  and  in  some  detail  by  the  present  writer  ('12)  in  the  case  of  S. 
bituberculatus.  While  Brock's  brief  description  is  correct  as  regards  the 
general  facts,  his  figure  of  the  adult  apyrene  spermatozoon  is  not  in  accord 
with  the  facts  as  they  have  been  observed  by  the  present  writer  in  S. 
bituberculatus,  and  there  is  no  reason  to  suppose  that  any  very  great  vari- 
ation occurs  between  the  ap3a'ene  spermatozoa  of  the  two  species.  In 
their  structure,  the  apyrene  spermatozoa  of  5.  costatus  are  identical  with 
those  of  5.  bituberculatus,  the  only  difference  being  in  their  respective  lengths. 
Apparently  Brock  did  not  fully  understand  the  structure  of  the  undulating 
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membranes  and  he  failed  to  observe  the  very  evident  centrosomal  crescent 
at  one  end  of  the  spermatozoon. 

The  adult  apyrene  spermatozoon  of  Strombus  is  composed  of  a  central 
spindle-shaped  body,  which  is  long  and  narrow  and  slightly  flattened  dorso- 
ventrally,  on  the  sides  of  which  are  attached  two  broad  undulating  mem- 
branes (fig.  6).  At  the  anterior  end  of  the  cell-body  there  is  a  crescent- 
shaped  plate  of  centrosomal  origin;  starting  from  the  horns  of  this  crescent 
the  undulating  membranes  round  out  quickly  to  their  maximum  width, 
while  posteriorly  they  gradually  become  narrower  and  finally  end  in  a 
short,  sharply  pointed  tail-piece.  In  the  membranes,  here  and  there,  can 
be  seen  indications  of  the  fibers  of  which  it  is  composed,  but  both  these  and 
the  centrosomal  plate  are  brought  out  more  distinctly  in  fixed  and  stained 
specimens. 

The  interior  of  the  cell  is  filled  with  a  number  of  large  secreted  polygonal 
bodies  composed  of  an  albuminous  substance  or  substances,  possibly  of  a 
deutoplasmic  nature  like  the  yolk  granules  in  the  nurse-cells  in  the  testis  of 
Littorina  (Reinke  '12).  When  treated  with  iodine  these  bodies  fail  to  give 
the  reaction  for  starch  or  glycogen.  When  a  mass  of  apyrene  spermatozoa 
are  separated  from  the  eupjo-ene  and  are  subjected  to  the  xanthoproteic 
test,  there  is  a  very  strong  and  clear  reaction  indicating  the  presence  of 
albumen.  In  sections  stained  with  iron  hsematoxylin  the  secreted  bodies 
show  the  characteristic  "Spiegelf^rbung**  of  yolk  granules.  These  bodies 
are  more  or  less  regular  in  shape  and  position  but  they  decrease  in  size  toward 
either  end  of  the  cell.  In  the  living  spermatozoon,  at  its  posterior  end, 
there  can  be  seen  a  small  aggregation  of  mitochondria.  No  traces  of  nuclear 
material  can  be  found  except  in  fixed  specimens;  here  they  appear  as  occa- 
sional darkly  staining  granules  of  degenerating  chromatin  lying  between  the 
albuminous  bodies. 

The  orientation  of  the  apyrene  spermatozoon  has  been  established  upon 
morphological  grounds.  In  Paludina,  that  end  of  the  oligopyrene  sper- 
matozoon which  contains  the  remains  of  the  nucleus,  *.  e.,  the  head,  has 
been  designated  as  anterior  and  this,  too,  is  the  end  toward  which  the  axial 
fibers  have  grown.  As  there  is  no  nuclear  head  in  the  apyrene  spermatozoon 
of  Strombus,  the  direction  of  growth  of  the  axial  fibers  must  determine  the 
poles  of  the  cell.  The  blunt,  rounded  end  is  the  one  toward  which  the 
fibers  have  grown  and  is  therefore  anterior,  while  the  narrow  pointed  one  is 
posterior.  In  movement  it  is  the  morphologically  posterior  end  of  the 
spermatozoon  which  is  usually  directed  forward,  although  occasionally  the 
reverse  is  seen  to  occur. 

The  movement  of  the  spermatozoon  is  caused  by  contraction  waves 
which  pass  alternately  down  the  two  membranes.  At  first  these  contraction 
waves  are  long  and  slow,  propelling  the  spermatozoon  with  an  even,  steady 
motion.  They  usually  pass  down  the  membranes  in  a  postero-anterior 
direction,  but  occasionally  a  reversal  takes  place;  it  is  then  that  the  sper- 
matozoon is  seen  to  move  with  its  anterior  end  directed  forward.    The 
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movement  of  the  spermatozoon  is  comparatively  slow  and  is  not  long 
continued,  for  it  soon  attaches  itself,  by  means  of  its  tail-piece,  to  the  glass 
slide  or  other  object  on  which  it  is  being  observed.  As  soon  as  this  occurs, 
the  contraction  waves  pass  down  both  the  membranes  simultaneously  and 
they  then  become  much  shorter  and  faster.  With  the  spermatozoon 
attached  in  this  way,  the  membranes  may  continue  to  be  active  for  a  time 
which  varies  with  the  medium  used.  In  sea-water,  contractions  of  the 
membranes  were  still  seen  after  two  hours,  in  isotonic  NaCl  after  five  hours, 
but  in  isotonic  MgCls  they  were  very  quickly  inhibited.  It  very  frequently 
happens,  however,  that  the  tail-piece  breaks  off  and  the  spermatozoon 
swims  away  with  a  very  much  more  rapid  movement  than  it  had  at  first. 

When  the  tail-piece  begins  to  break  it  can  be  seen  to  be  composed  of  a 
number  of  fused  fiagella;  sometimes,  as  the  spermatozoon  moves  away  a 
few  of  these  fiagella  still  adhere  to  it.  This  probably  explains  the  statement 
of  Brock  to  the  effect  that  a  tuft  of  fiagella,  which  is  invisibile  at  first,  is  to  be 
seen  after  the  spermatozoon  has  been  swimming  about  for  a  whi^e. 

The  first  indication  of  breakdown  in  the  spermatozoon  occurs  among 
the  albuminous  bodies,  in  that  they  gradually  disappear.  The  process  is 
undoubtedly  one  of  liquefaction,  for  they  leave  in  their  stead  a  brownish 
semi-fluid  substance  in  which,  however,  may  still  be  seen  the  outlines  of 
these  bodies.  When  this  has  occurred  one  can  observe  for  the  first  time  the 
myoneme-Hke  striations  that  are  present  on  the  cell-wall.  Accompanying 
the  disappearance  of  the  albuminous  bodies,  there  is  a  general  fiattening 
of  the  cell-body  and  the  membranes.  Undulations  of  the  membranes  con- 
tinue a  long  time  after  this  fiattening  has  taken  place  and  lead  eventually 
to  a  partial  separation  of  the  membranes  from  the  cell-wall.  After  this 
their  disintegration  is  rapid. 

The  shape  of  the  apyrene  spermatozoa  of  Strombus  bituberctUatus  is 
very  constant  and  the  variations  in  size  that  occur  are  very  slight.  From 
the  centrosomal  plate  to  the  tip  of  the  tail-piece  the  spermatozoa  measure 
about  90  micra;  the  width  of  the  membrane  is  usually  about  5  micra  and 
the  greatest  diameter  of  the  cell-body  averages  about  8  micra.  In  S, 
CO  status  the  apyrene  spermatozoa  are  much  longer,  measuring  120  to  125 
micra,  but  the  other  dimensions  are  not  increased  proportionately;  according 
to  Brock's  statement  they  attain  a  length  of  180  micra  in  S.  lentiginosus. 
The  apyrene  spermatozoa  in  S.  bituberculattis  and  in  5.  costatus  are  greatly 
outnumbered  by  the  eupyrene.  Brock  has  estimated  the  numerical  relation 
between  them  to  be  about  i  to  500  for  5.  lentiginosus. 

Because  of  the  failure  to  obtain  ripe  eggs  of  Strombus  at  the  time  of  the 
year  when  the  material  for  this  investigation  was  collected  (March  to  the 
middle  of  May),  it  was  impossible  to  determine  experimentally  whether  or 
not  the  apyrene  spermatozoa  have  any  function  with  regard  to  the  eggs. 
Ripe  eggs  of  several  sea-urchins  were  to  be  had  in  great  abundance,  how- 
ever, and  those  of  Tripneustes  were  mixed  with  some  of  the  contents  of  the 
sperm-duct  of  Strombus.    The  presence  of  the  eggs  had  no  effect  whatever 
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upon  either  kind  of  spermatozoa  except  in  a  few  instances  where  the  egg- 
membrane  had  been  ruptured  by  the  pressure  of  the  cover-glass.  In  such 
cases  the  eupyrene  spermatozoa  were  strongly  stimulated  and  swarmed 
around  the  eggs  in  great  numbers,  but  the  apyrene  spermatozoa  in  the 
immediate  vicinity  of  the  eggs  were  not  affected  in  the  slightest. 

At  the  same  time  of  the  year  the  seminal  receptacle  of  the  female  was 
found  to  be  quite  swollen  and  full  of  a  whitish  mass.  When  some  of  the 
contents  was  diluted  with  sea-water  and  examined  it  was  seen  that  in 
addition  to  a  large  number  of  oval  granules  only  the  eupyrene  spermatozoa 
were  present.  These  latter  were  normal  and  very  quickly  became  active. 
Of  a  dozen  females  which  were  examined,  not  one  showed  a  single  structure 
in  the  seminal  receptacle  which  could  possibly  be  identified  as  the  remains 
of  an  apyrene  spermatozoon.  The  explanation  of  this  phenomenon  was 
found  only  when  sections  of  the  seminal  receptacle  had  been  made  and 
studied. 

The  uterus  and  seminal  receptacle  constitute  that  portion  of  the  vagina 
which  lies  just  beyond  the  orifice  of  the  oviduct,  beneath  the  mantle.  The 
vagina  itself  is  simply  a  groove  running  beneath  the  mantle,  at  its  base  and 
on  the  right  side,  from  the  orifice  of  the  oviduct  proper  to  the  foot;  it  corre- 
sponds to  the  genital  groove  of  the  male.  Just  below  the  orifice  of  the 
oviduct,  the  upper  fold  of  the  vagina  is  much  broadened  and  thickened  and 
is  covered  by  the  lower  wall  which  is  correspondingly  broadened,  forming  a 
contractile  sheath  or  mantle.  This  thickened  portion  of  the  vagina  is  the 
true  seminal  receptacle;  it  is  a  gland  comprised  of  a  large  number  of  con- 
voluted tubules  lined  with  a  secretory  epithelium.  The  space  between  the 
seminal  receptacle  and  its  sheath  may  be  spoken  of  as  the  uterus.  Lying 
around  the  seminal  receptacle  in  a  semicircle  is  the  main  portion  of  the 
nidamental  gland;  one  branch  of  the  latter  extends  down  along  the  vagina 
for  a  certain  distance.  The  ducts  of  the  nidamental  gland  open  into  the 
vagina,  just  below  the  seminal  receptacle.  Further  on  down,  and  at  the 
point  where  the  lower  branch  of  the  nidamental  gland  ends,  is  the  opening 
into  the  vagina  of  a  large  diverticulum,  the  bursa  seminalis.  Beyond  this 
point  the  vagina  traverses  the  foot  as  an  unmodified  groove. 

In  the  sections  mentioned  above,  it  was  found  that  there  was  a  dense 
detritus  in  the  uterus  composed  of  eupyrene  and  apyrene  spermatozoa. 
Apyrene  spermatozoa  with  relatively  few  eupyrene  scattered  amongst  them 
formed  the  inner  portion  of  this  detritus.  Segregating  themselves  from  the 
apyrene  spermatozoa,  the  eupyrene  had  moved  for  the  most  part  to  the 
periphery  of  the  detritus.  A  clear  homogeneous  substance  separated  them 
from  the  apyrene  spermatozoa.  Other  eupyrene  spermatozoa  had  moved 
on  into  the  tubules  forming  the  seminal  receptacle  and  had  there  arranged 
themselves  with  their  heads  against  the  outer  surface  of  the  epithelial  cells. 
Here  they  were  undoubtedly  receiving  nourishment,  as  was  shown  by  the 
vacuoles  which  had  taken  the  place  of  the  distal  granules  of  the  secretory 
cells.     In  five  series  of  sections  no  traces  of  apyrene  spermatozoa  were 
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found  in  the  tubules  nor  was  either  kind  of  spermatozoa  found  in  the 
upper  portion  of  the  oviduct. 

The  changes  that  the  apyrene  spermatozoa  had  undergone  were  quite 
remarkable.  In  some  cases  the  spaces  between  the  albuminous  bodies 
were  packed  with  very  small  darkly  staining  granules;  in  others  these 
granules  had  replaced  the  albuminous  bodies  in  a  portion  of  the  spermato- 
zoon; and  in  others  the  albuminous  bodies  had  entirely  disappeared  and 
the  whole  body  of  the  spermatozoon  was  filled  with  the  small  granules. 
In  a  few  instances  the  body  of  the  cell  presented  the  appearance  of  an  empty, 
shrunken  shell  lying  between  the  two  undulating  membranes.  Clearly  the 
process  going  on  in  the  apyrene  spermatozoa  was  concerned  with  the 
breaking  down  and  ultimate  exhaustion  of  the  substance  stored  in  the  cell. 

It  is  probable,  then,  that  in  the  examination  of  those  dozen  females 
only  the  tubules  of  the  seminal  receptacle  had  been  tapped,  and  not  the 
uterus,  a  contingency  that  is  highly  possible,  depending  upon  the  point 
of  the  incision  and  its  depth.  If  that  were  so,  then  the  granules  observed 
were  from  the  secretory  granules  of  the  tubules.  But  it  is  also  possible 
that  the  uterus  itself  had  been  tapped  and  that  the  apyrene  spermatozoa 
had  undergone  katabolic  changes  to  such  an  extent  that  they  were  no  longer 
recognizable.^ 

OBSERVATIONS  UPON   THE  LIVING  CELLS  OF  THE  TESTIS. 

By  treating  the  contents  of  the  testis  in  the  manner  already  described, 
one  can  make  a  very  comprehensive,  if  not  detailed,  study  of  the  develop- 
ment of  the  apyrene  spermatozoa  of  Strotnbus.  This  is  particularly  true 
of  the  later  stages,  where  such  structures  occur  as  are  represented  by  fig- 
ures I  to  5.  These  five  figures,  together  with  figure  6,  show  four  very  char- 
acteristic stages  of  the  developing  spermatosome  from  the  time  the  axial 
fibers  have  grown  across  the  cell  up  to  and  including  the  adult  spermatozoon. 
They  give  a  general  idea  of  the  appearance  of  the  living  cells  and  of  the 
extent  to  which  details  of  structure  can  be  made  out  in  them  with  the  aid 
of  an  oil-immersion  lens  (Zeis  2  mm.  apochromatic) ;  furthermore,  they 
bring  out  contours  and  the  size  relations  existing  between  various  stages  to 
the  greatest  possible  advantage. 

In  studying  the  living  cells  it  was  the  hope  of  the  writer  not  only  to 
verify  the  stages  which  had  been  traced  in  fixed  and  sectioned  material, 

1  While  a  guest  at  the  Laboratory  of  Marine  Biology  of  the  Carnegie  Institution  at  Dry  Tortugas  during 
June  19 13,  the  writer  had  the  opportunity  of  examining  some  25  females  of  Strombus  gigas,  all  of  which  had 
copulated.  While  it  is  too  late  to  present  a  detailed  account  of  this  examination,  it  may  be  stated  that  the 
results  obtained  give  ample  confirmation  of  the  statements  made  above.  The  fates  of  the  eupyrene  and  of  the 
apyrene  spermatozoa  after  copulation  are  very  different.  The  eupyrene  si)ermatozoa  reach  the  seminal  re- 
ceptacle and  are  stored  there  in  great  numbers,  remaining  alive  for  an  unknown  period.  Some  of  the  apyrene 
spermatozoa  move  into  the  uterus  along  with  the  eupyrene,  but  there  a  sharp  separation  of  the  two  kinds  takes 
place,  the  eupyrene  spermatozoa  moving  into  the  seminal  receptacle  while  the  apyrene  clump  together  and 
undergo  degenerative  changes.  Eventually  the  uterus  becomes  rid  of  them.  But  the  greatest  portion  of  the 
apyrene  spermatozoa  never  even  reach  the  uterus;  instead,  together  with  some  eupyrene  spermatozoa,  they 
move  into  the  bursa  seminalis  and  there  undergo  degeneration  until  they  are  completely  broken  down. 
Gradually  the  whole  mass  is  encapsulated  in  a  secretion  from  the  walls  of  the  bursa  seminalis  and  is  finally 
extruded.  In  some  instances  it  was  found  that  the  contents  of  the  extruded  capsule  had  become  infected 
and  that  putrefaction  had  set  in.  There  are  some  grounds  for  the  writer's  belief  that  some  of  the  eupyrene 
spermatozoa  which  get  into  the  bursa  seminalis  find  their  way  out  again  and,  passing  up  the  vagina,  reach  the 
seminal  receptacle.    The  most  significant  point  is  that  oviposition  had  not  vet  begun. 

The  description  given  above  of  the  relations  of  the  various  parts  of  the  female  genitalia  is  baaed  upon 
dissections  of  Strombus  gigas. 
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but  also,  if  at  all  possible,  to  watch  the  processes  of  growth  and  differ- 
entiation as  they  were  taking  place.  All  attempts,  however,  to  observe 
the  breaking  down  of  the  nucleus  and  the  division  of  the  centrioles  proved 
to  be  unsuccessful.  These  processes  are  completed  very  rapidly  and  it  is 
doubtful  whether  the  centrioles  with  their  radiations  could  be  distinguished 
intra  vitam.  On  the  other  hand,  however,  such  processes  as  the  vesiculation 
of  the  nuclear  fragments,  the  formation  of  the  albuminous  bodies,  and  the 
growth  of  the  axial  fibers  take  place  so  gradually  that  they  showed  no  appre- 
ciable progress  in  cells  which  were  under  constant  observation  for  two  or 
three  hours.  Nevertheless,  many  different  stages  in  the  development  of  the 
apyrene  spermatozoa  could  be  distinguished  and  observed  most  satisfactorily. 

The  large  nucleated  cell,  corresponding  to  the  oligopjo-ene  spermatocyte  I 
of  Paludina^  was  easily  recognized.  Earlier  stages  in  the  growth  of  that 
cell  could  not  be  distinguished  from  the  eupyrene  spermatocytes.  The 
next  stage  (fig.  i)  which  could  be  easily  picked  out  was  one  in  which  the 
axial  fibers  had  grown  well  across  the  cell  and  many  of  the  nuclear  frag- 
ments had  become  vesiculated.  Figure  2  shows  a  stage  of  approximately 
the  same  age,  but  viewed  at  an  angle  of  90®  from  the  other.  In  these  stages 
the  cell  is  not  much  larger  than  it  was  just  previous  to  the  breakdown  of 
the  nucleus.  Later  on,  the  continued  growth  of  the  axial  fibers  results  in 
the  elongation  of  the  cell;  this  makes  it  appear  larger,  but  no  real  increase 
in  its  volume  has  taken  place.  This  is  shown  in  figures  3  and  4,  which 
represent  stages  following  closely  one  upon  the  other  and  viewed  in  planes 
at  right  angles  to  each  other.  In  figure  3  the  bundle  of  axial  fibers  is  seen 
just  in  the  act  of  splitting  apart,  while  in  figure  4  the  process  is  represented 
as  being  probably  a  little  more  advanced. 

This  splitting  of  the  bundle  of  axial  fibers  is  followed  by  the  further 
separation  of  the  halves  until  they  reach  the  cell-wall  on  both  sides.  Very 
soon  they  begin  to  project  edgewise  beyond  the  cell,  giving  the  first  indi- 
cation of  the  formation  of  the  undulating  membranes  (fig.  5).  Beyond  this 
point  there  is  not  a  very  great  increase,  if  any,  in  the  actual  volume  of  the 
cell ;  it  merely  becomes  gradually  longer  and  narrower  until  the  adult  con- 
dition is  reached  (fig.  6).  It  will  be  noticed  that  as  the  cell  approaches 
maturity  it  becomes  more  and  more  filled  with  the  albuminous  bodies, 
while  the  nuclear  fragments  degenerate  and  disappear.  When  first  formed, 
the  albuminous  bodies  are  spherical  in  size  and  are  scattered  irregularly 
throughout  the  cell,  first  filling  up  its  anterior  portion.  Later  on,  as  a 
result  of  their  increase  in  number  and  the  lateral  compression  of  the  cell 
due  to  its  elongation,  they  become  polygonal  and  arrange  themselves  in  an 
orderly  fashion.  Until  the  undulating  membranes  have  been  formed  the 
cell  is  immotile;  the  flagella  at  its  base  never  beat,  but  instead  undergo 
fusion  to  a  certain  extent.  As  will  be  shown  later  on,  the  myoneme-like 
striations  are  not  present  until  after  the  formation  of  the  membranes. 

The  study  of  the  living  cells  of  the  testis  is  very  valuable,  because  by 
this  method  all  possibilities  of  abnormality  due  to  fixation  and  subsequent 
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treatment  of  the  tissue  may  be  eliminated.  However,  it  leaves  great  gaps 
in  the  stages  of  development  of  the  apyrene  spermatozoa  and  affords  very 
little  or  no  chance  of  determining  the  finer  details  of  the  protoplasmic 
differentiations  and  the  structural  changes  that  occur  in  the  cell.  For  this 
purpose  the  study  of  material  that  has  been  well  fixed  and  stained  is  alone 
available. 

GROWTH  OP  THE  APYRENE  SPERMATOBLAST. 

In  Strombus  the  large  nucleated  cell  which  becomes  differentiated  into 
the  apyrene  spermatosome  can  be  traced  back  through  a  period  of  unin- 
terrupted growth  to  a  small  cell,  the  apyrene  spermatoblast,  which  is 
distinct  from  either  the  eupyrene  spermatocytes  or  spermatogonia.  This 
cell  (fig.  8)  lies  close  to  the  walls  of  the  lobules  of  the  testis  and  may  be 
surrounded  by  older  cells  of  the  same  nature  or  by  the  general  syncytium 
of  the  testis  or  partially  by  both.  Two  or  three  of  these  cells,  lying  in  the 
syncytium  and  isolated  from  others  of  their  kind,  are  frequently  in  close 
proximity  to  a  nest  of  eupyrene  spermatogonia  and  would  be  taken  at 
first  glance  to  belong  to  that  nest.  Closer  and  more  careful  examination* 
however,  reveals  certain  distinct,  if  minute,  differences  between  them  and 
the  spermatogonia. 

In  the  first  place,  there  is  a  difference  of  position.  Where  they  occur, 
the  young  apyrene  spermatoblasts  always  lie  between  the  wall  of  the  lobule 
and  the  spermatogonia.  If  the  group  of  apyrene  spermatoblasts  is  a  larger 
one,  it  is  seen  that  the  outer  cells  are  larger  and  older  than  those  lying  next 
to  the  wall  of  the  lobule.  Such  a  group  as  that  may  be  surrounded  by 
several  nests  of  spermatogonia  or  by  spermatocytes.  A  comparison  of  all 
the  nuclei  of  all  these  various  cells  shows  that  those  of  the  outer  spermato- 
blasts are  as  large  or  larger  than  the  spermatogonial  nuclei,  while  those  of 
the  inner  spermatoblasts  are  smaller.  But  the  cytoplasmic  bodies  of  even 
the  youngest  spermatoblasts  are  larger  than  those  of  the  spermatogonia  and 
they  are  inclosed  by  definite  membranes.  The  cytoplasm  of  the  spermato- 
gonia forms  a  thin  sheath  around  their  nuclei  and  the  cell-walls  are  so 
delicate  that  very  often  it  is  impossible  to  distinguish  them  in  the  cytoplfism 
of  the  surrounding  sync>'tium. 

The  nuclei  of  the  apyrene  spermatoblasts  and  of  the  eupjn^ne  spermato- 
gonia differ  in  pattern.  In  the  latter,  during  the  resting  stages,  the  chro- 
matin forms  an  irregular  and  dense  network,  the  strands  of  which  show  many 
free  ends  and,  when  seen  in  cross-section,  have  very  frequently  the  appear- 
ance of  granules.  Once  the  spermatogonia  have  begun  to  grow,  the  nuclear 
pattern  changes  gradually  until  the  typical  spireme  of  the  spermatocyte  is 
formed.  The  nuclear  pattern  of  the  spermatoblasts,  on  the  other  hand, 
remains  constant  until  a  late  period  in  the  growth  of  these  cells,  when  they 
can  be  easily  distinguished  from  the  eupyrene  cells  by  their  increased  size. 
These  nuclei  are  relatively  rich  in  nuclear  sap  and  poor  in  chromatin,  the 
latter  being  present  in  the  form  of  irr^^ular  granules  which  are  partially  con- 
nected by  a  chromatic  material  (figs.  8-14).  At  least  one  karyosome  is 
always  present  in  the  nucleus. 
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Finally  there  are  two  cytoplasmic  structures  which  aid  in  distinguishing 
the  young  apyrene  spermatoblasts.  The  first  of  these  is  a  very  evident, 
darkly  staining  granule,  whose  derivation  is  unknown.  Its  position  varies; 
it  may  lie  just  beside  the  nucleus  or  nearer  the  periphery,  but  it  is  always 
found  in  the  proximal  half  of  the  cell.  It  usually  appears  to  be  surrounded 
by  a  clear  area  (figs.  8  to  12).  Occasionally  a  cell  is  found  which  has  two 
or  three  of  these  granules  in  it.  The  other  structure  is  the  centrosome. 
This  appears  at  first  as  a  distinct  centriole  with  a  few  faint  rays  and  it  lies 
between  the  nucleus  and  the  base  of  the  cell  (fig.  8).  In  other  spermato- 
blasts, which  are  still  so  young  that  they  might  be  confused  with  the  sper- 
matogonia, it  may  be  seen  that  the  centriole  has  divided  into  two  and  that 
these  are  surrounded  by  a  sphere  (fig.  9).  That  centrosomes  do  exist  in 
the  spermatogonia  is  proved  by  their  appearance  in  mitoses,  but  the  writer 
has  never  been  able  to  identify  them  positively  in  the  resting  cells.  The 
distinct  appearance  of  the  centrosomes  (centrioles)  in  the  young  spermato- 
blasts is  not  at  all  surprising  when  it  is  borne  in  mind  that  their  later  history 
is  quite  complicated  and  that  they  play  a  very  important  part  in  the  develop- 
ment of  the  apyrene  spermatozoa.  The  other  bodies  are  never  found  in  the 
cytoplasm  of  the  spermatogonia.  The  eupyrene  spermatogonia  greatly 
outnumber  the  apyrene  spermatoblasts  and,  with  the  basal  nuclei,  they 
occupy  the  space  next  to  the  wall  of  the  testis  except  here  and  there  where 
they  have  been  displaced  by  groups  of  the  spermatoblasts.  These  groups 
occur  at  irr^^ular  intervals  and  the  cells  composing  them  vary  not  only  in 
number  but  also  in  age. 

The  development  of  the  apyrene  spermatozoa  from  these  spermatoblasts 
takes  place,  as  has  already  been  indicated,  without  a  single  division  of  the 
cell.  The  first  period  of  this  development  covers  a  gradual  growth  of  the 
spermatoblast,  resulting  in  a  tremendous  increase  in  the  size  of  the  cell. 
This  statement  applies  not  only  to  the  nucleus  and  cytoplasm,  but  also  to 
the  centrosome;  the  latter  comes  to  be  the  most  striking  and  interesting 
element  in  the  cell. 

The  structure  of  the  primitive  spermatoblasts  has  been  described. 
They  are  irregular  in  outline  and  are  not  pear-shaped  or  stalked  as  are  the 
oligopyrene  spermatocytes  of  Paludina  (fig.  8).  Usually,  as  they  increase 
in  size  and  are  crowded  away  from  the  wall  of  the  lobule  by  the  formation 
and  growth  of  younger  spermatoblasts,  they  are  set  free  and  tend  to  become 
round  (fig.  12).  Occasionally  a  cell  which  has  almost  attained  its  full 
growth  is  seen  to  have  retained  a  connection  with  the  syncytium  by  means 
of  a  stalk,  even  after  it  has  been  crowded  away  (fig.  13) ;  such  a  cell  presents 
a  close  resemblance  to  the  oligopyrene  spermatocytes  of  Paludina.  In 
some  few  instances  two  or  three  fully  grown  spermatoblasts  may  be  seen 
lying  side  by  side  close  to  the  wall  of  the  lobule  and  only  separated  from  it 
by  a  thin  layer  of  syncytium.  These  cells  were  the  last  ones  to  be  formed 
at  that  point  and  have  undergone  their  entire  growth  without  suffering 
displacement.    Both  in  the  cases  of  these  and  of  the  stalked  cells  there  is 
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no  relation  between  them  and  the  syncytium  other  than  one  of  close  con- 
tact. The  syncytium  has  become  exhausted  and  has  come  to  form  a  narrow 
fibrillar  layer  between  them  and  the  wall  of  the  testis.  This  shrinkage  of 
the  syncytium  beneath  the  spermatoblasts  is  noticeable  in  much  earlier 
stages  (figs.  9,  lo,  and  ii). 

The  growth  of  the  nucleus  keeps  pace  with  that  of  the  cytoplasmic  body. 
In  the  very  young  spermatoblasts  the  chromatin  has  the  appearance  of 
irr^^ular  granules  lying  in  a  matrix  of  diffuse  achromatic  material.  There 
is  always  a  karyosome  present  (fig.  8).  Practically  the  same  nuclear 
structures  are  shown  in  figures  9  and  10  except  that  in  the  former  the 
karyosome  was  just  above  the  plane  of  focus  and  in  the  latter  the  greater 
portion  of  the  nucleus  was  in  the  next  section.  The  karyosome  is  very 
persistent  and  constant  in  its  appearance;  in  sections  which  have  been 
destained  until  the  other  structures  of  the  nucleus  have  lost  their  stain, 
the  karyosome  presents  the  appearance  of  a  thick  ring  inclosing  a  lighter 
colored  substance.  As  the  nucleus  grows  larger,  there  is  an  increase  in  the 
amount  of  achromatin  present  and  in  the  number  of  chromatin  granules 
(compare  figs.  10,  11,  and  12). 

The  increase  in  the  number  of  these  granules  is  due,  probably,  to  their 
division.  The  subsequent  growth  of  the  resulting  halves  keeps  them  all 
of  a  fairly  constant  size.  When  the  nucleus  has  reached  its  maximum  size 
the  chromatin  granules  begin  to  grow  at  the  expense  of  the  achromatin 
(fig.  14).  Their  growth  continues  until  they  are  as  large  or  larger  than  the 
karyosome,  so  that  the  latter  becomes  indistinguishable.  Eventually, 
practically  all  of  the  achromatin  is  absorbed  and  the  chromatin  granules 
are  retracted  to  the  periphery  of  the  nucleus,  just  beneath  the  membrane. 
Here  they  undergo  fusion  to  a  certain  extent  and  form  large  lumps  of 
chromatin,  or  karyomerites,  of  various  sizes  and  shapes  (figs.  16, 17,  and  18). 
The  interior  of  the  nucleus  is  filled  with  a  colorless  nuclear  sap  (fig.  17). 
It  is  now  ready  to  break  down,  but  before  describing  this  process  it  will  be 
well  to  consider  the  growth  of  the  centrosome. 

The  first  indication  of  a  centrosomal  structure  in  the  spermatoblast 
appears  at  a  very  early  stage,  in  the  form  of  a  distinct,  darkly  staining 
centriole,  from  which  two  or  three  rays  (fig.  8)  pass  out.  The  position  of 
this  centriole,  near  the  nucleus  and  in  the  proximal  half  of  the  cell,  is  in- 
variable. The  formation  of  a  sphere  around  the  centriole  is  not  noticeable 
until  the  latter  has  divided  (fig.  9).  In  such  a  stage  as  this  the  sphere  is 
quite  distinct  and  rays  from  both  centrioles  can  be  seen.  It  is  impossible 
to  say  whether  the  next  stage  (fig.  10)  is  reached  by  a  division  of  the  two 
centrioles  into  four  or  by  their  fragmentation  into  a  greater  number.  The 
centrioles  are  very  much  smaller  than  they  were  and  can  not  be  counted 
with  any  degree  of  certainty.  The  sphere  has  grown  no  larger  and  the 
rays  from  the  centrioles  do  not  extend  beyond  its  periphery.  The  centrioles 
now  lie  in  a  homogeneous  substance  which  fills  the  center  of  the  sphere  and 
is  more  deeply  staining  than  the  latter.  This  substance  represents  the  first 
formation  of  the  centrosome  proper. 


Digitized  by 


Google 


Papers  from  the  Marine  Biological  Laboratory  at  Tortugas,  215 

Further  multiplication  of  the  centrioles  is  accompanied  by  their  separa- 
tion from  each  other  and  by  the  spreading  of  the  substance  of  the  centro- 
some  (figs.  II  and  12).  It  becomes  very  difficult  to  distinguish  the  indi- 
vidual centrioles  from  the  substance  in  which  they  lie,  but  several  of  them 
can  usually  be  seen  lying  at  various  points  on  the  edge  of  the  centrosome. 
The  outer  sphere,  too,  has  increased  in  size  and  about  this  time  begins  to 
resolve  itself  into  an  outer  dark  court  and  an  inner  clear  court  (fig.  12). 
A  little  later  on,  the  centrosome,  which  is  now  considerably  larger,  becomes 
spherical  and  acquires  a  definite  membrane  and  the  rays  become  stronger 
and  stronger  (fig.  13).  It  reaches  its  full  growth  at  approximately  the  same 
time  as  does  the  nucleus  (fig.  14).  From  it  there  passes  out  in  all  directions 
a  great  number  of  strong  rays,  which  extend  to  all  parts  of  the  cell;  at  the 
base  of  each  lies  a  small  centriole.  Lying  around  the  centrosome  on  all 
sides,  but  more  particularly  on  the  sides  away  from  the  nucleus,  is  a  mass 
of  mitochondrial  granules  (figs.  14  and  15).  They  are  irregular  in  shape  and 
size  and  stain  deeply  with  iron  hsematoxylin.  Figure  14  does  not  show  all 
the  mitochondria  that  were  seen  in  the  cell. 

The  formation  of  the  mitochondria  is  rather  sudden.  They  appear  in 
the  sphere  shortly  after  the  formation  of  the  inner  court  and  are  found  at 
first  on  all  sides  of  the  nucleus.  Figure  13  represents  approximately  the 
stage  at  which  they  first  appear;  it  was  drawn  from  a  cell  which  showed  the 
effects  of  osmic  acid  to  some  extent  and  therefore  does  not  represent  either 
the  mitochondria  or  the  rays  as  fully  as  they  might  be  seen  in  other  cells. 
As  the  mitochondria  increase  in  number  and  size,  they  gradually  obliterate 
the  outer  court  of  the  sphere,  while  the  inner  court  grows  wider  and  wider. 
The  last  traces  of  the  outer  court  are  shown  in  figure  15.  With  the  appear- 
ance of  the  mitochondria,  one  loses  sight  of  that  body  which  was  mentioned 
as  being  found  in  the  cytoplasm  of  the  young  spermatoblasts  (figs.  8  to  12). 
This  body  gradually  grows  larger  and  very  pronounced,  but  later  on  it  is 
impossible  to  distinguish  between  it  and  any  of  the  larger  mitochondrial 
granules. 

Judging  from  the  great  number  of  cells  which  are  found  with  a  fully 
formed  centrosome,  the  last  stage  in  the  growth  of  the  spermatoblast  must 
extend  over  a  very  long  period.  Gradually  the  mitochondria  withdraw  from 
the  space  between  the  centrosome  and  the  nucleus  and  that  half  of  the 
centrosome  which  lies  toward  the  nucleus  becomes  more  lightly  staining 
and  seems  to  lose  its  definite  outline.  On  the  other  hand,  the  opposite  half 
of  the  centrosome  takes  a  deeper  stain  and  it  can  actually  be  seen  that  the 
centrioles  are  massing  themselves  upon  that  side  (fig.  14).  At  this  time, 
one  or  two  comparatively  large  granules  are  to  be  found  in  the  centrosome; 
they  are  very  constant  in  their  appearance  but  no  suggestion  can  be  made  as 
to  their  significance.  Finally,  those  rays  which  traverse  the  space  between 
the  centrosome  and  the  nucleus  attach  themselves  to  the  nuclear  wall 
(fig.  14) ;  then  follow,  in  quick  succession,  the  retraction  of  the  chromatin 
to  the  wall  of  the  nucleus,  the  dissolution  of  the  latter  on  the  side  toward 
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the  centrosome,  the  scattering  of  the  karyomerites,  and  the  disappearance 
of  the  centrosome  with  its  rays. 

The  actual  beginning  of  dissolution  of  the  nuclear  wall  is  shown  in 
figures  15,  16,  17,  and  18;  these  go  in  pairs,  figure  15  with  figure  16  and 
figure  17  with  figure  18,  representing  consecutive  sections  through  two 
different  cells.     In  figure  15  the  mitochondria  lie  for  the  most  part  above 
the  centrosome,  while  the  latter  in  turn  is  at  a  slightly  higher  focus  than 
the  karyomerites.    These  last,  represented  in  the  figure  as  large  black 
bodies,  lie  free  in  the  cytoplasm,  into  which  also  some  of  the  nuclear  sap 
has  escaped.    Many  of  the  mitochondria  have  grown  into  short  stout  rods 
(chondrioconts).     It  will  be  noticed  that  the  rays  from  the  centrosome  are 
becoming  less  evident.     In  figure  16  is  shown  the  remainder  of  the  nucleus; 
some  of  the  nuclear  sap  and  a  few  of  the  karyomerites  are  moving  out 
into  the  cytoplasm.    The  further  and  complete  scattering  of  the  karyo- 
merites is  usually  accompanied  by  the  total  disappearance  of  the  centre* 
somal  rays.     But  in  figures  17  and  18  a  cell  is  shown  in  which  absolutely 
no  traces  of  the  centrosome  or  the  rays  could  be  found  and  as  yet  none  of 
the  nuclear  material  had  escaped  into  the  cytoplasm. 

These  figures  were  drawn  very  carefully  and  show  all  the  structures 
visible  in  the  cell.  The  mitochondria  were  rendered  somewhat  indistinct 
by  the  action  of  the  osmic  and  acetic  adds,  but  the  same  can  hardly  be 
said  of  any  surviving  centrosomal  structure;  for  a  younger  spermatoblast 
lying  beside  this  cell  showed  a  distinct  centrosome.  The  nuclear  membrane 
has  become  very  much  thinner  and  at  one  place,  on  the  side  towards  the 
mitochondrial  apparatus,  it  has  been  dissolved  (fig.  18).  It  would  therefore 
seem  that  the  same  process,  undoubtedly  a  chemical  reaction,  which  brings 
about  the  disappearance  of  the  centrosome  also  leads  to  the  dissolution  of 
the  nuclear  membrane.  Of  the  two  phenomena,  the  latter  is  completed 
the  more  slowly.  The  karyomerites  are  carried  to  various  parts  of  the  cell 
with  the  diffusing  nuclear  sap. 

The  greater  part  of  the  chromatin  remains  in  what  was  originally  the 
distal  half  of  the  cell,  although  some  of  the  fragments  move  into  the  region 
occupied  by  the  mitochondria.  This  distribution  of  the  chromatin  is 
illustrated  in  figures  19  and  20,  which  represent  two  consecutive  sections 
through  the  same  cell.  That  part  of  the  cell  shown  in  figure  19  constitutes 
the  proximal  half  of  the  cell,  while  the  distal  half  is  shown  in  figure  20. 
The  larger  lumps  of  chromatin  now  break  down  into  several  smaller  parts 
(figs.  20  and  22),  and  as  a  result  of  this  fragmentation  there  is  a  more  equal 
distribution  of  the  chromatin  throughout  the  whole  cell  (figs.  24  and  25, 
consecutive  sections  through  the  same  cell) .  The  ultimate  karyomerites  show 
an  extreme  variation  in  size,  some  of  them  being  extremely  small  (fig.  22). 

Kuschakewitsch  ('11)  has  described  a  somewhat  similar  formation  of 
karyomerites  in  the  apyrene  cells  of  Vermetus.  Here  the  karyomerites 
apparently  are  all  fully  formed  before  the  dissolving  of  the  nuclear  mem- 
brane.    They  are  of  a  fairly  uniform  size  and  shape  and  many  of  them  show 
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a  longitudinal  split,  thus  leading  to  the  belief  that  they  are  true  chromo- 
somes. Kuschakewitsch  states  that  ''the  chromatin  of  the  nucleus  gathers 
into  larger  elements,  which  almost  entirely  fill  up  the  interior  of  the  nucleus 
(Kemraum).  In  some  cases  there  are  formed,  transitorily,  true  chromo- 
somes which  exhibit  a  clear  longitudinal  split.  Then  the  nuclear  membrane 
disappears  and  the  chromatin  elements  (karyomerites)  lie  free  in  the 
plasma."  The  outstanding  difference  between  the  processes  relative  to  the 
breaking  down  of  the  nucleus  in  the  two  forms  is  the  fact  that  in  Strombus 
the  ultimate  karyomerites  are  not  formed  within  the  nucleus  while  the 
latter  is  yet  intact.  Furthermore,  when  finally  established,  they  have  an 
extreme  variation  in  size,  little  uniformity  in  shape,  and  never  show  any 
indications  of  a  longitudinal  split.  In  short,  unlike  those  of  VermetuSf  the 
karyomerites  of  Strombus  can  not  be  said  to  be  chromosomes,  nor  is  it  at 
all  certain  that  they  represent  an  attempt  on  the  part  of  the  chromatin  to 
form  chromosomes. 

The  further  history  of  the  karyomerites  is  one  concerned  with  processes 
leading  to  their  vesiculation  and,  later,  to  their  gradual  degeneration  and 
ultimate  disappearance.  When  first  scattered  into  the  cytoplasm  the 
karyomerites  lie  in  close  contact  with  it  on  all  sides.  Very  shortly  after- 
wards, a  clear  space,  one  which  gradually  grows  larger,  separates  them 
from  the  surrounding  cytoplasm  (figs.  20  to  25).  The  substance  filling  this 
space  is  essentially  like  nuclear  sap  and  is  probably  formed  by  a  differ- 
entiation of  the  cytoplasm  immediately  surrounding  a  karyomerite.  A 
little  later  a  definite  membrane  can  be  seen  to  have  been  formed  around  the 
clear  area,  separating  it  and  the  inclosed  karyomerite  from  the  cytoplasm 
(figs.  26  to  32).  It  is  quite  possible  that  this  membrane  is  formed  as  a  pre- 
cipitation membrane  between  colloids  of  opposite  electrical  charges.  If  this 
explanation  is  the  true  one,  then  the  differentiation  of  the  cytoplasm  must 
have  been  caused  by  a  chemical  reaction  between  itself  and  the  karyomerite, 
the  substance  formed  acquiring  the  add  properties  of  the  chromatin.  The 
reaction  must  continue  until  the  interposition  of  the  formed  substance  causes 
too  great  a  separation  of  the  reacting  substances.  Then,  when  the  reaction 
has  ceased,  a  precipitation  membrane  is  formed  between  the  add  and 
therefore  positively  charged  substance  resulting  from  the  reaction  and  the 
basic  and  negatively  charged  cytoplasm. 

After  the  formation  of  the  membrane,  the  inclosed  karyomerite  breaks 
down  into  several  smaller  pieces,  each  of  which  takes  up  a  position  just 
beneath  the  membrane  (figs.  26  to  32).  In  this  way  a  number  of  chromatic 
vesicles  arise  which  are  very  characteristic  for  the  ensuing  stages,  and 
which,  as  will  be  shown  later,  persist  for  a  long  time  before  their  actual 
degeneration  sets  in.  Most  of  the  smaller  chromatic  fragments,  however, 
do  not  form  vesides  but  are  absorbed  without  any  further  changes. 

The  disappearance  of  the  centrosome  takes  place  very  suddenly  and 
the  nature  of  the  process  is  not  entirely  understood.  Absolutdy  no  struc- 
tures were  found  which  could  be  interpreted  with  any  degree  of  assurance 
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as  being  phases  of  the  centrosome  subsequent  to  the  stage  shown  in  figure  15. 
One  cell  alone  showed  an  indistinct  structure  which  might  be  taken  for  the 
remains  of  a  rapidly  dissolving  centrosome,  but  this  can  not  be  asserted  to 
be  the  case  (fig.  19).  The  body  was  round  and  apparently  denser  at  its 
periphery  than  in  the  middle  and  from  it  there  passed  off  a  number  of  short 
and  rather  vague  rays;  it  was  partially  hidden  by  what  is  taken  to  be  a  large 
mitochondrial  body.  The  figure  of  it  is  not  presented  because  much 
importance  is  attached  to  it,  but  merely  because  it  happened  to  occur  in  a 
cell  which  was  valuable  for  other  features  which  it  showed.  All  that  is 
definitely  known  to  occur  is  that  while  the  substance  of  the  centrosome  is 
dissolved  and  disappears  very  rapidly,  the  centrioles  themselves  are  un- 
affected by  the  action.     Having  been  freed,  they  scatter  in  small  groups. 

The  movements  of  the  centrioles  are  hidden  to  a  great  extent,  as  it  is 
very  difficult  to  establish  their  identity  among  the  many  and  very  small 
mitochondrial  and  chromatic  granules  present.  They  eventually  reach  the 
cell-membrane,  however,  either  singly  or  in  small  groups,  and  here  some 
of  them  can  be  discerned  quite  readily  (figs.  19,  24,  and  25);  others  of 
perhaps  questionable  identity  can  sometimes  be  seen  in  the  interior  of  the 
cell  (fig.  19).  A  little  later,  secondary  rays  arise  from  those  centrioles 
which  have  reached  the  membrane,  causing  them  now  to  become  very 
evident  (figs.  21,  22,  26,  and  27).  Figures  21,  22,  and  23  are  consecutive 
sections  through  the  same  cell,  and  that  portion  of  the  cell  represented  by 
figure  21  showed  the  majority  of  the  centrioles;  those  lay  beneath  the  plane 
of  the  focus  figured.  A  few  others  were  found  in  the  next  section  of  the  cell 
(fig.  22),  but  none  were  found  in  the  upper  section  (fig.  23).  It  is  thus  seen 
that  the  centrioles  come  to  lie  on  the  periphery  in  one  half  of  the  cell  and 
this  half  is  the  one  which  was  originally  proximal  to  the  wall  of  the  testis.* 

The  distribution  of  the  centrioles  was  seen  to  better  advantage  in  the 
cell  represented  by  figures  26  and  27.  Here  they  were  found  entirely 
confined  to  the  left  half  of  the  cell.  Those  shown  in  the  figures  constitute 
probably  less  than  one-quarter  of  the  total  number  in  the  cell,  but  only 
those  were  figured  concerning  whose  identity  there  could  not  be  the  slightest 
doubt.  The  same  thing  may  be  said  of  figures  28  and  29  which  represent  a 
slightly  older  cell.  The  centrioles  are  seen  to  have  gathered  into  larger 
groups  and  have  moved  closer  together.  From  each  centriole,  too,  there 
has  grown  out  a  short  flagellum.  The  rays  from  the  centrioles  were  some- 
what obscured  on  account  of  the  "osmication  *'  of  the  cell.  These,  however, 
are  well  shown  in  figures  30,  31,  and  32,  which  represent  consecutive  sections 

1  The  fact  that  this  half  of  the  cell  Is  the  originally  proximallone  is  easily  established  in  the  case  of  such  sper- 
matoblasts as  have  never  been  forced  away  from  the  syncytium.  Four  facts  must  be  borne  in  mind:  (x)  in 
the  young  spermatoblasts  the  position  of  the  centrioles  is  invariably  in  the  proximal  half  of  the  cell;  (a)  matured 
spermatoblasts  which  lie  close  to  the  wall  of  the  testis  are  independent  and  are  not  a  part  of  the  shrunken 
syncytium;  (3)  in  such  spermatoblasts  the  centrosome  occupies  a  position  distal  to  the  wall  of  the  testis;  (4) 
they  undergo  their  later  development  in  the  same  position.  It  is  impossible  to  believe  that  the  centrosome 
and  nucleus  of  these  spermatoblasts  have  reversed  their  position  during  the  growth  of  the  cells.  On  the  other 
hand,  in  view  of  the  fact  that  these  cells  usually  lie  free  except  at  the  point  of  contact  with  the  syncytium,  it 
will  be  readily  granted  that  the  whole  cell  has  probably  revolved.  Furthermore,  a  few  instances  of  spermato- 
blasts in  various  stages  of  growth  have  been  observed,  the  position  of  whose  centrosomes  would  indicate  a  tumins 
of  the  cell.  Therefore,  in  these  spermatoblasts,  that  portion  which  appears  to  be  the  distal  half  is  really  the 
originally  proximal  one.  After  the  disappearance  of  the  centrosome  in  such  spermatoblasts  as  lie  close  to  the 
wall  of  the  testis,  the  centrioles  come  to  ue  beneath  the  membrane  in  the  half  of  the  cell  directed  toward  the 
lumen,  that  is,  in  the  originally  proximal  half. 
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through  a  cell  of  approximately  the  same  age  as  the  preceding  one.  This 
cell  and  others  similar  to  it  present  the  appearance  of  having  polyasters 
on  its  one  side,  while  on  the  other  lies  the  majority  of  the  now  vesiculated 
karyomerites. 

This  appearance  is  not  maintained  for  any  length  of  time,  for  the 
centrioles,  with  the  lengthening  of  their  rays,  draw  together  and  form  a 
somewhat  oval  plate  just  beneath  the  membrane  (fig.  33).  The  flagella 
now  form  a  short,  thick  brush  on  the  outside  of  the  cell.  The  rays  which 
have  now  grown  very  strong,  traverse  the  cell  for  a  short  distance  as  a 
compact  column  and  then,  diverging,  they  extend  to  all  parts  of  the  cell. 
A  little  later  the  centrioles  divide  and  then  the  distal  halves  begin  to  move 
across  the  cell,  forming  fibers  between  themselves  and  the  proximal  halves. 
The  latter,  which  are  perhaps  smaller  than  the  others,  flatten  themselves 
against  the  membrane,  each  one  forming  a  node  at  the  base  of  its  flagellum. 

The  mitochondria  can  now  be  seen  lying  above  the  centrioles  and  encir- 
cling the  rays  which  pass  off  from  them.  This  irregular  ring  of  granules 
is  shown  in  cross-section  in  figures  33  and  35  and  in  surface  view  in  figure  34. 
After  the  dissolution  of  the  nuclear  membrane  and  the  dispersal  of  the 
karyomerites  the  mitochondria  become  obscured  for  a  time,  owing  to  the 
great  difficulty  of  distinguishing  between  them  and  the  smaller  chromatic 
elements.  They  apparently  remain  in  much  the  same  position  they  occu- 
pied before  the  dissolution  of  the  centrosome.  With  the  vesiculation  of  the 
karyomerites  they  can  once  again  be  distinguished,  but  they  now  appear 
much  more  irregular  in  outline  and  size  (figs.  28  and  29).  Later  they  form 
the  ring  mentioned  above. 

The  spermatoblast  has  now  reached  a  condition  in  which  it  is  ready  to 
undergo  the  growth  and  differentiations  which  lead  directly  to  the  forma- 
tion of  the  adult  apyrene  spermatozoon.  With  the  completion  of  the  pri- 
mary growth  of  the  cell,  the  nucleus  has  broken  down  to  form  a  number  of 
small  chromatic  vesicles.  As  will  be  shown  later,  these  are  concerned 
with  the  secondary  growth  of  the  cell,  after  which  their  degeneration  sets  in. 
By  the  accumulation  of  the  centrioles  at  one  point  of  the  cell,  and  their 
subsequent  division,  the  orientation  of  the  matured  apyrene  spermatozoon 
is  established;  for,  as  has  been  pointed  out,  the  antero-posterior  axis  of 
the  spermatozoon  is  determined  by  the  direction  in  which  the  distal  halves 
of  the  centrioles  traverse  the  cell.  For  these  reasons  the  cell  may  now  be 
spoken  of  as  the  apyrene  spermatosome. 

Before  proceeding  with  the  description  of  the  growth  and  differentiation 
of  the  spermatosome,  two  facts  must  be  considered  concerning  the  spermato- 
blast: The  first  has  to  do  with  the  polarity  of  the  cell  and  the  second  with 
the  lack  of  a  strict  time  correlation  between  the  breaking  down  of  the 
nucleus  and  the  disappearance  of  the  centrosome,  and  between  the  phe- 
nomena immediately  subsequent  to  both. 

It  has  already  been  explained  that  the  orientation  of  the  apyrene  sper- 
matozoon is  a  morphological  one,  based  upon  the  direction  of  growth  of 
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the  bundle  of  axial  fibers.  It  remains  to  be  pointed  out  that  this  direction 
of  growth  is  determined  at  the  time  of  the  appearance  of  the  first  centro- 
somal  structure  (the  centriole)  in  the  very  young  spermatoblast  (fig.  8)  and 
is  parallel  with  an  imaginary  line  passing  through  the  centriole  and  the 
center  of  the  nucleus.  This  line  is  the  chief  axis  of  the  cell  and  it  establishes 
not  only  the  anterior  and  posterior  poles  of  the  adult  spermatozoon,  but 
also  the  plane  of  its  bilateral  symmetry.  The  centrosome  is  known  to  lie 
in  the  proximal  half  of  the  cell  and  upon  its  disappearance  the  centrioles 
come  to  be  pretty  evenly  distributed  on  the  periphery  of  the  same  half 
(figs.  26  and  27).  If,  in^assembling,  the  centrioles  move  toward  a  central 
point,  as  there  is  every  reason  to  believe,  then  the  center  of  the  plate  formed 
by  them  will  lie  in  the  chief  axis  of  the  cell.  After  the  division  of  the  cen- 
trioles the  distal  halves  move  across  the  cell  in  a  direction  vertical  to  the 
plate  and  therefore  parallel  to  the  chief  axis. 

That  the  chief  axis  of  the  cell  establishes  a  bilateral  symmetry  is  shown 
by  comparing  figure  i  with  figure  2  and  figure  3  with  figure  4.  The  first 
and  third  of  these  figures  represent  two  different  stages  of  the  apyrene 
spermatosome,  while  figures  2  and  4  represent  stages  almost  corresponding 
to  them,  but  viewed  at  right  angles  to  them.  In  the  first  case,  a  plane 
passing  vertically  through  the  longitudinal  axis  of  the  bundle  of  axial 
fibers  divides  either  of  the  cells  into  like  halves,  while  in  the  second  case  a 
similar  plane  divides  either  of  the  cells  into  unequal  and  dissimilar  portions. 
The  same  bilaterality  is  established  by  the  chief  axis  in  the  spermatoblast, 
indeed  in  very  early  stages  (figs.  12,  13,  and  14).  Thus  it  appears  that  the 
polarity  of  the  apyrene  spermatozoon  is  determined  -at  a  very  early  stage 
in  its  development,  at  the  time  when  the  chief  axis  is  established.  The 
distal  side  of  the  spermatoblast  marks  the  anterior  end  of  the  spermatozoon 
and  the  proximal  side  the  posterior  end.  The  latter  may  therefore  be 
spoken  of  as  the  base  of  the  spermatoblast  or  spermatosome. 

While  the  dissolution  of  the  nuclear  membrane  and  the  disappearance 
of  the  centrosome  are  initiated  simultaneously,  the  phenomena  immediately 
concerned  with  these  two  processes  and  also  those  subsequent  to  both  do 
not  keep  step  in  different  cells.  It  has  already  been  pointed  out  that  while 
in  one  cell  (figs.  15  and  16)  the  centrosome  was  still  perfectly  visible  after 
some  of  the  karyomerites  had  escaped  into  the  cytoplasm,  in  another 
(figs.  17  and  18)  no  traces  of  the  centrosome  could  be  found  even  before  this 
had  occurred.  Similarly,  in  one  cell  (figs.  19  and  20)  all  of  the  centrioles 
have  not  yet  reached  the  periphery  and  the  larger  karyomerites  are  frag- 
menting, while  in  another  (figs.  21  to  23)  the  centrioles  already  show  their 
secondary  rays,  although  we  are  dealing  with  what  is  clearly  an  earlier  stage 
as  regards  the  chromatin.  But  in  a  third  cell  (figs.  24  and  25),  and  here 
the  greatest  variation  occurs,  we  have  a  condition  in  which  the  centrioles 
have  reached  the  periphery  and  their  secondary  rays  have  not  as  yet 
appeared,  while  the  formation  of  the  ultimate  karyomerites  has  already 
taken  place. 
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The  occurrence  of  variations  such  as  these  seems  to  indicate  that  the 
processes  concerned  with  the  nucleus  have  great  independence  from  those 
concerned  with  the  centrosome  and  vice  versa — greater  than  is  known  to 
exist  in  both  normal  and  abnormal  mitosis.  In  abortive  mitoses,  such  as 
the  so-called  oligopyrene  spermatocytic  divisions  of  Paludina,  there  is 
always  maintained  a  constant  time  correlation  between  the  phenomena 
which  occur  in  the  nucleus  and  those  which  occur  in  the  centrosome.  An 
interpretation  of  the  processes  described  above  as  being  an  abortive  mitosis 
of  the  apyrene  spermatoblast  of  Strombus  seems  to  be  unwarranted  by  the 
facts  in  the  case. 

GROWTH  AND  DIFFERENTIATION  OF  THE  APYRENE  SPERMATOSOME. 

At  first  there  is  very  little,  if  any,  growth  of  the  spermatosome;  whatever 
growth  there  is,  takes  place  slowly  and  for  a  long  time  but  little  difference 
in  size  exists  between  the  spermatosome  and  the  spermatoblast  previous  to 
the  breaking  down  of  the  nucleus.  The  changes  that  occur  are  concerned 
chiefly  with  the  chromatic  vesicles  and  the  centrioles. 

By  the  time  the  centrioles  have  divided,  the  vesiculation  of  the  karyo- 
merites  has  been  completed,  or  nearly  so  (figs.  33  and  34).  The  chromatic 
vesicles  now  acquire  a  very  definite  position  in  the  cell.  They  lie  in  the 
outer  portion  of  the  cell,  not  far  beneath  the  cell-membrane,  and  are  con- 
fined almost  entirely  to  the  distal  half  of  the  cell.  In  a  section  passing 
through  the  chief  axis  of  the  ceil,  the  chromatic  vesicles  are  seen  to  lie  in  a 
semicircle,  the  open  side  of  which  points  towards  the  base  of  the  cell.  This 
arrangement  is  shown  particularly  well  in  figure  39.  At  about  this  time, 
too,  there  is  a  very  noticeable  swelling  of  the  chromatic  vesicles  due  to  the 
gradual  increase  in  the  amount  of  nuclear  sap  within  them  (fig.  41).  In 
many  instances  an  achromatic  network  is  also  visible  in  them  (figs.  36,  39, 
40,  and  41).  In  a  word,  the  chromatic  vesicles  now  present  the  appearance 
of  so  many  small  but  active  secondary  nuclei  whose  reconstruction  is  not 
yet  completed;  and  such,  indeed,  they  are  considered  to  be  by  the  writer. 

It  will  be  remembered  that  the  secondary  rays  of  the  centrioles,  at  the 
time  of  the  division  of  the  latter,  pass  through  the  ring  of  mitochondria  and 
then,  diverging,  they  reach  to  the  furthest  parts  of  the  cell.  There  is  very 
little  evidence  in  support  of  any  belief  that  they  attach  themselves  to  the 
different  chromatic  vesicles;  on  the  contrary,  the  ends  of  many  of  them 
can  be  clearly  seen  to  pass  on  beyond  the  vesicles  and  lie  free  in  the  cyto- 
plasm (figs.  33,  34,  35,  36,  and  39).  After  the  division  of  the  centrioles, 
the  connection  of  the  rays  with  the  distal  halves  of  the  former,  or  the  distal 
centrioles  as  they  will  now  be  designated,  becomes  less  distinct.  In  front 
of  the  advancing  distal  centrioles  there  is  formed  a  dense  and  homogeneous 
substance  which  very  frequently  obscures  those  portions  of  the  rays  which 
pass  through  it  (figs.  34  and  35).  Into  this  substance,  too,  from  the  distal 
centrioles,  there  grow  out  slender  fibrillar  processes  which  become  more 
pronounced  as  the  centrioles  advance  (figs.  34,  35,  36,  and  39).  These  for  a 
time  are  probably  continuous  with  the  rays,  but  as  the  latter  become  less 
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distinct  whatever  connection  there  may  be  between  them  is  gradually  lost 
(figs.  36  and  39). 

As  the  distal  centrioles  move  away  from  the  base  of  the  cell,  there  is 
formed  between  each  pair  of  daughter  centrioles  an  axial  fiber  (figs.  34,  35, 
etc.).    These  fibers  are  comparatively  stout,  more  so  than  the  flagella,  and 
they  stain  very  intensely  with  iron  haematoxylin.     In  common  with  all  the 
other  centrosomal  structures,  they  are  brought  out  best  in  those  portions 
of  the  tissue  where  the  action  of  the  acetic  and  osmic  acids  has  not  been  too 
strong.     In  their  journey  across  the  cell,  spinning  out  the  axial  fibers  behind 
them,  the  distal  centrioles  come  to  pass  through  the  ring  of  mitochondria 
(figs.  36  and  39).    As  they  approach  this  ring  they  undergo  a  lateral  com- 
pression in  two  opposite  directions,  so  that  they  draw  closer  together  and 
eventually  fuse  to  form  a  solid,  very  flatly  oval  plate,  whose  greatest  diam- 
eter is  no  less  than  that  of  the  group  of  proximal  centrioles  at  the  base  of 
the  cell.    The  compression  of  the  distal  centrioles  with  the  corresponding 
flattening  of  the  bundle  of  axial  fibers  is  shown  in  figures  36  and  39.     It  is 
shown  to  better  advantage,  perhaps,  in  figures  37  and  38,  which  represent 
two  consecutive  cross-sections  through  a  bundle  of  axial  fibers  at  about  the 
stage  shown  in  figure  39.    The  first  of  these  cuts  the  axial  fibers  near  the 
base  of  the  cell  and  the  second  right  through  the  ring  of  mitochondria;  they 
bring  out  the  difference  in  contour  of  the  bundle  of  axial  fibers  at  those 
two  points  and  give  some  idea  of  the  enormous  number  of  fibers  which 
constitute  the  bundle. 

In  front  of  the  advancing  centrosomal  plate  lies  the  area  of  dense 
material  which  was  mentioned  before  and  which  is  now  becoming  more  and 
more  evident  (figs.  36  and  39).  Around  the  anterior  portion  of  the  bundle 
of  axial  fibers  lie  other  masses  of  denser  cytoplasm,  the  inner  margins  of 
which  are  lined  by  the  mitochondria  (fig.  38).  At  this  stage,  or  a  little 
later,  in  many  instances  the  bundle  of  axial  fibers  becomes  somewhat  twisted 
and  the  centrosomal  plate  is  thrown  a  little  out  of  its  horizontal  position. 
Further  growth  of  the  axial  fibers  is  accompanied  by  a  further  flattening  in 
its  anterior  portion  and  a  more  complete  condensation  of  the  centrosomal 
plate,  so  that  the  whole  structure,  when  viewed  from  the  side,  has  a  sharply 
pointed  appearance  (fig.  40),  while  its  upper  and  lower  surfaces  are  as  broad 
anteriorly  as  they  are  at  the  base  of  the  cell  (fig.  41).  The  dense  substance 
in  front  of  the  centrosomal  plate  is  pushed  on  ahead,  while  the  other  masses 
of  dense  cytoplasm,  together  with  the  mitochondria,  spread  out  along  the 
bundle  of  axial  fibers  behind  the  centrosomal  plate,  forming  a  sort  of  sheath 
around  the  former.  The  mitochondria  are  shown  in  longitudinal  section 
in  figure  40  and  in  surface  view  in  figure  41. 

As  is  indicated  in  figure  40,  the  spreading  of  the  mitochondria  and  of 
the  dense  cytoplasm  associated  with  them  results  in  their  separation  into  two 
parts,  the  posterior  one  of  which  comes  to  form  a  secondary  ring  around  the 
base  of  the  bundle  of  axial  fibers.  As  before,  this  secondary  ring  is  com- 
posed of  the  dense  and  homogeneous  cytoplasm,  the  inner  surface  of  which 
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is  bounded  by  the  mitochondria.  A  cross-section  through  the  posterior 
region  of  the  spermatosome  shows  that  the  mitochondria  of  the  secondary 
ring  are  closely  applied  to  the  bundle  of  axial  fibers  (fig.  42).  The  completed 
separation  of  the  mitochondrial  apparatus  into  an  anterior  and  posterior 
portion  is  shown  in  figure  43.  The  peculiar  structure  of  the  secondary  ring 
is  maintained  for  a  long  time  and  the  mitochondria  connected  with  it  persist 
in  the  adult  spermatozoon.  The  mitochondria  of  the  anterior  portion,  on 
the  other  hand,  disappear  very  suddenly,  at  least  no  traces  of  them  can  be 
found  after  the  stage  represented  by  figure  43.  It  will  be  noticed  that  here 
already  there  has  been  a  diminution  of  the  denser  cytoplasm  around  the 
anterior  end  of  the  bundle  of  axial  fibers;  by  the  time  the  centrosomal  plate 
has  reached  the  cell  membrane  practically  all  of  it  has  disappeared  (figs.  44 
and  45).  While  it  is  possible  that  the  anterior  mitochondria  may  be  dis- 
solved in  situ  along  with  the  other  substance,  two  other  explanations  may 
be  offered  for  their  disappearance:  (i)  they  may  move  in  among  the  axial 
fibers  and  there  give  rise  to  occasional  mitochondrial  granules  that  are  later 
found  scattered  throughout  the  length  of  the  bundle  or  (2)  they  may  be 
drawn  back  to  the  base  of  the  cell  and  augment  the  secondary  ring  that  has 
been  formed  there. 

By  comparing  figure  42  with  figure  37,  it  will  be  seen  that  after  the  forma- 
tion of  the  secondary  mitochondrial  ring  the  posterior  portion  of  the  bundle 
of  axial  fibers  has  become  more  nearly  circular,  that  its  diameter  is  decreased, 
and  that  the  fibers  themselves  have  drawn  closer  together.  The  reduction 
of  the  diameter  of  the  bundle  is  also  shown  in  figures  41  and  42.  The  process 
seems  to  continue  proportionately  with  the  gradual  growth  of  the  fibers 
(figs.  44  and  46). 

At  first  the  growth  of  the  axial  fibers  is  very  much  slower  than  that  of 
the  flagella.  It  will  be  remembered  that  the  flagella  begin  to  grow  out 
before  the  centrioles  have  divided.  By  the  time  the  distal  centrioles  have 
traversed  one-third  the  distance  across  the  cell,  the  flagella  have  reached 
their  maximum  growth  and  are  more  than  twice  as  long  as  the  axial  fibers 
(figs.  33,  34,  35,  36,  and  39).  From  this  point  on  they  gradually  become 
shorter  and  more  ragged  in  appearance,  eventually  fusing  at  a  very  late 
stage  to  form  the  posterior  tip  of  the  spermatozoon  (figs.  40,  41,  43-49, 
63,  and  64).  This  shortening  of  the  flagella  is  probably  due  to  their  partial 
retraction  into  the  cell,  although  their  ragged  appearance  would  suggest 
that  they  have  been  worn  down  by  attrition  with  other  free  cells. 

V.  Brunn  ('84)  has  described  a  similar  action  on  the  part  of  the  flagella 
for  the  oligopyrene  spermatozoa  of  Paludina.  His  observations  were  con- 
firmed by  Meves  ('03),  who  explains  the  phenomenon  on  the  ground  that 
the  flagella  are  the  free  ends  of  the  axial  fibers,  each  one  passing  through  a 
ring  formed  by  one  of  the  proximal  centrioles  upon  the  cell-membrane. 
The  shortening  of  the  flagella  is  caused  by  the  downward  growth  of  the 
cell  substance  around  and  between  them,  so  that,  eventually,  a  portion  of 
each  flagellum  comes  to  lie  within  the  body  of  the  cell.    The  facts  that  have 
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been  observed  in  the  case  of  Strombus  do  not  support  this  view.  In  the  first 
place,  there  is  not  the  slightest  morphological  evidence  that  the  proximal 
centrioles  form  rings;  they  clearly  form  nodes  just  beneath  the  membrane 
and  each  one  lies  at  the  base  of  a  flagellum.  Then  again,  the  flagella  have 
begun  to  shorten  before  there  has  been  any  appreciable  lengthening  of  the 
spermatosome  in  either  direction;  if  any  has  occurred,  it  is  certainly  not 
sufficient  to  account  for  the  very  noticeable  shortening  of  the  flagella  that 
has  taken  place. 

It  remains  to  be  pointed  out  that  there  exists  a  striking  similarity 
between  the  apyrene  spermatosome  (as  r^ards  its  centrosomal  structure 
at  the  time  of  the  early  growth  of  the  axial  fibers)  and  the  well-known 
ciliated  epithelial  cells  of  the  Mollusca.  In  figure  35,  for  example,  the 
proximal  centrioles  can  well  be  compared  with  the  so-called  basal  granules 
of  the  ciliated  epithelial  cells  and  the  distal  centrioles  with  the  inner  granules. 
The  slender  fibers  growing  out  from  the  distal  centrioles  are  analogous  to 
the  fibers  which  extend  across  the  epithelial  cell.  With  the  progressive 
growth  of  the  axial  fibers  across  the  spermatosome  the  resemblance  dis- 
appears to  a  great  extent.  While  a  strict  homology  between  the  two 
structures  can  not  be  maintained,  we  have  here  a  strong,  if  indirect,  support 
for  the  Lenhoss6k-Henn^^y  theory  of  the  centrosomal  origin  of  the  basal 
granules  found  in  a  ciliated  cell. 

Several  changes  occur  in  the  spermatosome  about  the  time  that  the  distal 
plate  of  centrioles  reaches  the  cell-membrane.  At  this  time  or  perhaps  a 
little  earlier,  the  chromatic  vesicles  begin  gradually  to  lose  their  sap,  so 
that  they  decrease  in  size  and  the  chromatic  granules  come  closer  together 
(figs.  43-45).  As  the  process  continues  the  chromatin  gathers  on  one  side 
of  the  vesicle  which  is  now  becoming  more  and  more  reduced  in  size  (figs. 
46,  47,  48,  and  49).  Soon  the  membrane  disappears,  either  by  being  dis- 
solved or  by  the  total  loss  of  the  sap,  so  that  the  whole  structure  shrinks  into 
a  solid  mass.  In  either  case,  what  were  formerly  active  chromatic  vesicles 
are  now  reduced  to  degenerating  lumps  of  chromatin  (fig.  63) ;  eventually, 
all  of  these  are  dissolved  in  the  cytoplasm  and  disappear,  leaving  no  traces 
in  the  adult  spermatozoon.  The  whole  process  of  the  degeneration  of  the 
vesicles  can  be  followed  through  in  the  living  cells  (figs.  1-6). 

The  direct  effect  of  the  degeneration  of  the  chromatic  vesicles  is  found 
in  the  appearance  at  this  time  of  the  secreted  albuminous  bodies.  Just  as 
in  some  epithelial  cells  where  the  formation  of  the  secreted  granules  is 
accompanied  by  the  degeneration  of  the  nucleus,  so  here  the  processes 
leading  to  the  eventual  disappearance  of  the  chromatic  vesicles  go  hand 
in  hand  with  the  secretion  of  the  albuminous  bodies.  A  similar  corre- 
lation between  the  degeneration  of  the  nucleus  and  the  secretion  of 
the  albuminous  bodies  has  been  described  for  the  so-called  nurse-cells  of 
Littorina  (Reinke,  '12).  In  Strombus  the  albuminous  bodies  appear  first 
in  the  anterior  portion  of  the  spermatosome;  a  few  can  always  be  found 
around  the  advancing  end  of  the  bundle  of  axial  fibers  by  the  time  it  has 
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grown  across  the  cell.  In  later  stages  they  are  formed  in  increasing  numbers 
and  gradually  come  to  fill  up  first  the  middle  and  then  finally  the  posterior 
portion  of  the  spermatosome  (figs.  48,  49,  63,  and  64;  also  figb.  1-6).  By 
the  time  that  all  the  chromatin  has  disappeared  from  the  cell,  practically 
all  of  the  albuminous  bodies  have  been  formed  (fig.  64). 

The  formation  of  the  albuminous  bodies  takes  place  in  very  much  the 
same  way  as  Kuschakewitsch  ('11)  has  described  for  the  apyrene  sperma- 
tozoon of  Vermetus  and  which  has  been  briefly  reviewed  on  page  204. 
In  Strombus  there  is  not  a  general  differentiation  of  the  cytoplasm  into  a 
large  number  of  thick-walled  chambers.  Instead,  there  is  a  continual  for- 
mation of  occasional  vacuoles  throughout  the  cell,  those  that  are  first  formed 
filling  up  rapidly  with  the  secreted  albumen  before  the  later  ones  have 
appeared.  For  this  reason  one  never  sees  more  than  three  or  four  vacuoles 
in  any  one  given  cell  (figs.  43,  47,  and  49).  The  extreme  vacuolization 
shown  in  figure  46  is  due  to  imperfect  fixation  and  is  not  a  natural  condition. 
The  process  of  the  secretion  of  the  albuminous  bodies  can  be  followed  most 
readily  in  the  posterior  region  of  the  spermatosome. 

In  a  vacuole  such  as  one  of  those  shown  in  figure  49,  a  matrix  is  laid 
down  composed  of  a  substance  which  has  a  marked  affinity  for  nuclear 
stains.  The  appearance  of  this  matrix  differs  to  some  extent  with  the 
degree  of  "osmication  "  which  the  cell  has  undergone.  In  the  inner  portions 
of  the  tissue  it  is  seen  to  be  composed  of  a  number  of  very  irregular,  darkly 
staining  masses  (fig.  52),  while  in  the  outer  portion  it  appears  to  have  the 
form  of  a  network  (fig.  63).  It  must  be  borne  in  mind  that  the  magni- 
fication in  figures  63-65  is  less  than  in  the  preceding  figures.  Between 
these  two  extremes  there  stands  a  condition  in  which  the  network  is  made 
up  of  granules.  Around  this  substance  a  clearer,  homogeneous  material  h 
secreted,  which  gradually  fills  up  the  vacuole  and  effaces  the  matnx.  In 
many  instances  narrow  str^ds  can  be  seen  connecting  this  substance 
(an  albumen?)  with  the  surrounding  cytoplasm  (figs.  46,  49,  and  54). 

When  the  vacuole  has  been  completely  filled,  a  membrane  is  formed 
around  the  secretion,  the  body  assuming  a  spherical  shape.  The  bodies 
now  give  up  their  stain  (iron  haemotoxylin)  very  readily;  in  the  places  where 
the  spermatosome  has  been  strongly  "osmicated,"  they  either  appear 
unstained  and  yellow,  or  else  they  show  the  characteristic  "SpiegelflU-bung" 
of  yolk  granules.  As  has  been  stated,  their  change  to  the  hexagonal  shape 
seen  in  the  adult  condition  is  due  to  the  pressure  they  exert  upon  one 
another  after  they  have  completely  filled  the  spermatosome  and  the  latter 
has  undergone  its  final  elongation  and  constriction. 

By  far  the  most  striking  changes  that  begin  to  take  place  at  the  time 
when  the  distal  centrioles  reach  the  cell  membrane  (figs.  44  and  45)  are 
those  which  result  from  the  continued  growth  of  the  axial  fibers,  viz.,  the 
formation  of  the  undulating  membrane  and  the  resulting  changes  in  the 
size  and  shape  of  the  spermatosome.  Having  come  to  extend  entirely 
across  the  cell,  the  bundle  of  axial  fibers,  by  their  continued  growth,  begins 
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to  protrude  beyond  the  original  boundary  of  the  cell,  causing  the  spermato- 
some  to  acquire  a  flask-shaped  appearance  (figs.  3  and  46).  In  the  "neck" 
of  the  spermatosome,  those  yolk  bodies  which  were  the  first  to  be  formed 
come  to  lie  between  the  broad  surfaces  of  the  bundle  of  axial  fibers  and  the 
cell-membrane;  the  edges  of  the  bundle,  on  the  other  hand,  lie  in  close 
contact  with  the  cell-membrane  (figs.  3,  4,  and  48). 

At  this  stage,  in  the  living  spermatosome,  there  is  always  to  be  seen  a 
very  noticeable  protuberance  on  one  side  of  the  brush  formed  by  the  flagella. 
This  structure,  although  it  is  only  a  transitory  one,  is  very  constant  in  the 
living  cells.  The  first  indication  of  it  is  shown  in  figure  2,  where  it  appears 
as  a  swelling  at  the  base  of  the  cell.  Later  it  becomes  very  much  longer 
and  flattened  in  one  axis  (figs.  3  and  4)  and  appears  finally  to  be  withdrawn 
into  the  cell-body  (fig.  5),  The  only  trace  of  this  protuberance  that  could 
be  found  in  sectioned  material  is  shown  in  figure  40.  The  point  at  which 
this  protuberance  occurs  must  mark  the  weakest  part  of  the  cell  membrane; 
this  is  shown  by  the  changes  that  occur  when  d^eneration  sets  in.  After  a 
si>ermatosome  in  the  stage  represented  by  figures  3  or  4  has  been  in  an 
artificial  medium  for  two  or  three  hours,  the  protuberance  begins  to  become 
very  much  distended.  This  is  followed  by  a  shifting,  to  that  quarter,  of 
all  the  free  contents  of  the  cell,  with  the  result  that  the  bundle  of  axial 
fibers,  instead  of  passing  through  the  cytoplasmic  body,  lies  tangentially 
to  it  and  is  surrounded  by  the  cell  membrane  alone.  This  protuberance 
may  be  interpreted  as  a  precocious  lengthening  of  the  cell  in  a  posterior 
direction,  the  completion  of  which  is  prevented  by  the  actual  attachment 
of  the  fibers  to  the  cell-wall.  As  will  be  shown  presently,  such  a  lengthening 
does  take  place  at  a  very  much  later  stage,  but  this  time  it  is  accomplished 
through  the  direct  agency  of  the  axial  fibers  themselves. 

After  a  spermatosome  has  reached  the  stage  represented  by  figure  46, 
a  longitudinal  split  occurs  in  the  bundle  of  axial  fibers,  dividing  it  into  two 
approximately  equal  halves  (fig.  47).  This  is  caused  by  the  continued 
growth  of  the  axial  fibers  without  a  corresponding  lengthening  of  the  cell. 
Growth  of  the  spermatosome  does  take  place,  to  be  sure,  resulting  in  its 
becoming  longer  and  narrower,  but  this  growth  is  not  conmiensurate  with 
that  of  the  axial  fibers,  nor  is  it  accompanied  by  an  increase  in  the  volume 
of  the  cell.  If  these  facts  are  borne  in  mind,  then  the  following  steps  in  the 
formation  of  the  undulating  membranes  will  be  easily  understood. 

After  the  split  occurs  in  the  bundle  of  axial  fibers,  the  two  halves,  or 
the  secondary  bundles,  as  they  may  now  be  called,  move  apart  from  each 
other,  and  gradually  approach  the  cell-membrane  from  opposite  sides. 
A  lateral  view  of  one  of  the  secondary  bundles,  shortly  after  this  movement 
has  commenced,  is  shown  in  figure  48.  By  comparing  figures  47  and  48, 
It  will  be  seen  that  the  albuminous  bodies  already  formed  are  so  placed  that 
they  do  not  obstruct  the  path  of  the  fibers;  those  that  eventually  come  to 
lie  in  the  middle  and  posterior  portion  of  the  spermatosome  are  not  secreted 
until  after  the  fibers  have  reached  the  membrane  on  each  side  of  the  cell 
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(figs.  49  and  63).  As  the  secondary  bundles  separate,  the  individual  fibers 
composing  them  fold  back  upon  each  other,  so  that  several  twists  are 
formed  in  the  bundles  (figs.  49  and  63) .  Owing  to  the  shape  of  the  spermato- 
some,  the  secondary  bundles  reach  the  membrane  in  the  anterior  part  of 
the  cell  long  before  they  do  so  in  the  posterior  region.  Correspondingly,  the 
differentiation  of  these  structures  to  form  the  undulating  membranes  takes 
place  progressively  from  the  anterior  to  the  posterior  end  of  the  sperma  to- 
some.  Consequently,  a  series  of  cross-sections  passing  in  the  opposite 
direction  through  a  spermatosome  in  the  stage  represented  by  figure  49 
should  show  all  the  changes  that  take  place  both  before  and  after  the 
secondary  bundles  reach  the  surface. 

Such  a  series  is  represented  by  figures  50  to  58.  In  figure  51  it  is  seen 
that  the  secondary  bundles,  in  moving  apart,  have  broken  the  ring  of 
mitochondria  which  was  mentioned  before  as  having  been  formed  around 
the  base  of  the  primary  bundle.  Afterwards,  the  mitochondria  come  to 
lie  between  the  secondary  bundles,  while  the  dense  cytoplasm  which  has 
been  associated  with  them  is  gradually  dissolved  (figs.  49  and  63).  It  will 
be  noticed  that  posteriorly  the  secondary  bundles  are  wider  than  they  are 
anteriorly.  As  they  approach  the  surface  the  fibers  draw  closer  and  closer 
together;  as  a  result,  the  bundles  stain  more  and  more  deeply  and  it  becomes 
increasingly  difficult  to  distinguish  the  individual  fibers.  It  can  be  seen, 
however,  and  very  clearly  too,  that  there  is  a  modification  taking  place  in 
that  those  fibers  which  lie  nearest  the  cell-membrane  tend  to  draw  slightly 
away  from  the  others  and  to  fuse  with  one  another  (figs.  52  and  53).  By  the 
time  the  bundles  have  reached  the  surface,  the  fusion  of  these  outer  fibers 
has  been  completed  and  they  are  so  closely  applied  to  the  cell-membrane 
that  the  latter  becomes  indistinguishable  from  them  (fig.  54).  The  next 
figures  show  successive  stages  of  the  process  by  which  the  secondary  bundles 
push  out  the  cell-membrane  and  come  to  extend  laterally  beyond  the  body 
of  the  cell.  Figure  58  represents  a  section  passing  just  behind  the  centro- 
somal  plate  and  shows  that  the  fibers  have  arranged  themselves  into  definite 
rows,  a  fact  also  indicated  in  figures  56  and  57.  As  will  be  shown  presently, 
this  arrangement  of  the  fibers  is  necessary  for  the  complete  formation  of 
the  undulating  membranes. 

At  a  somewhat  later  stage,  after  the  secondary  bundles  have  reached  the 
cell-membrane  throughout  their  entire  length,  the  myoneme-like  striations 
are  formed.  This  process  is  shown  in  figures  59  and  60.  Some  of  the 
fibers  which  lie  next  to  the  cell-membrane  now  separate  from  their  fellows 
and  begin  to  move  out  across  the  surface  of  the  cell  just  beneath  the  mem- 
brane. From  this  it  would  seem  that  there  is  not  an  actual  fusion  of  the 
exterior  fibers  of  the  secondary  bundles,  but  that  they  lie  in  very  close 
contact  with  each  other.  It  is  probable,  too,  that  the  exterior  fibers  do  not 
participate  in  the  twisting  of  the  secondary  bundles  spoken  of  above. 
Since  the  fibers  are  attached  at  both  ends,  the  twisting  of  the  secondary 
bundles  must  take  place  at  their  middle  portions  and  doubtless  proceeds  in 
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one  direction  and  then  in  the  other;  it  is  simply  an  accompaniment  of  the 
separation  of  the  secondary  bundles  and  after  these  have  reached  the  cell- 
membrane  such  twists  as  have  taken  place  are  apparently  undone.  At  all 
events,  as  the  secondary  bundles  begin  to  push  out  beyond  the  cell-body,  a 
rearrangement  of  the  inner  fibers  occurs  in  that  they  form  a  number  of 
horizontal  layers  (figs.  56, 57,  58,  and  60).  Some  of  the  inner  fibers,  appar- 
ently, crowd  into  the  layer  of  exterior  ones,  taking  the  place  of  those  that 
have  moved  away,  while  the  others  continue  to  form  a  decreasing  number  of 
horizontal  layers.  The  result  is  that  the  bundles  become  wider  and  flatter. 
This  is  shown  in  cross-section  in  figures  61  and  62  and  in  surface  view  in 
figure  65.  The  first  of  these  figures  is  an  oblique  section  through  the  anterior 
region  of  a  spermatosome  at  about  the  stag^  represented  by  figure  64.  The 
section  represents  a  cross-section  just  behind  the  centrosomal  plate  of 
another  spermatosome  of  the  same  age.  Figure  65  is  a  longitudinal  section 
through  a  spermatosome  which  was  almost  identical  with  the  one  repre- 
sented by  figure  64.  In  this  last  figure  the  myoneme-like  striations  are 
also  shown  in  surface  view.  As  is  shown  here,  the  same  force  (that  is,  the 
continued  growth  of  the  axial  fibers  without  a  fully  compensating  increase 
in  the  length  of  the  cell-body)  which  causes  the  secondary  bundles  to  reach 
the  surface  of  the  cell  and  then  to  extend  beyond  it,  eventually  causes  several 
folds  to  occur  throughout  their  length.    This  is  also  indicated  in  figure  61. 

After  the  secondary  bundles  have  reached  the  cell-membrane,  the  space 
which  has  been  vacated  by  them  is  filled  with  a  substance  whose  consistency 
is  greater  than  that  of  the  cytoplasm  surrounding  the  albuminous  bodies 
(fiS'  53) •  Indeed,  there  seems  to  be  a  general  flowing  of  the  denser,  more 
granular  ctyoplasm  to  the  center  of  the  cell,  leaving  the  homogeneous 
enchylema  to  fill  the  spaces  between  the  albuminous  bodies  (figs.  59  and  60). 
Eventually  this  denser  part  of  the  cytoplasm  becomes  differentiated  in  such 
a,  way  that  it  forms  a  fibrillar  core  passing  down  through  the  center  of  the 
cell  (fig.  64). 

The  changes  in  the  shape  of  the  spermatosome,  as  a  result  of  the  splitting 
of  the  bundle  of  axial  fibers  and  the  subsequent  growth  of  these  fibers 
themselves,  are  shown  in  figures  47,  49,  63,  and  64.  At  first,  accompanying 
the  spreading  of  the  secondary  bundles  to  the  surface  of  the  cell,  there  is  a 
slight  elongation  of  the  spermatosome  in  an  anterior  direction  (fig.  49). 
This  is  continued  until  the  secondary  bundles  begin  to  protrude  beyond 
the  cell-body,  when  it  practically  ceases  (fig.  63).  It  will  be  noticed  that 
the  centrosomal  plate  has  been  pushed  right  up  to  the  very  anterior  tip  of 
the  spermatosome.  The  further  growth  of  the  fibers  results  next  in  the 
lateral  extension  of  the  secondary  bundles  beyond  the  cell-body  throughout 
their  entire  length  and  then  in  the  elongation  of  the  spermatosome  in  a 
posterior  direction  (fig.  64).  This  fact  is  evidenced  not  only  by  the  change 
in  the  contour  of  the  posterior  end  of  the  spermatosome,  but  also  by  the 
redistribution  of  the  mitochondria.  The  base  of  the  cell  has  become  pointed 
and  the  flagella  have  fused  to  form  the  extreme  end  of  the  tail-piece.    About 
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this  time,  too,  the  folds  that  were  mentioned  before  are  formed  in  the  second- 
ary bundles. 

A  spermatosome  which  is  in  the  stage  represented  by  figures  64  and  65  is 
now  ready  to  undergo  the  final  change  which  transforms  it  into  the  fully 
formed  apyrene  spermatozoon  (fig.  6).  It  has  been  completely  filled  with 
the  albuminous  bodies  and  all  the  chromatin  has  been  dissolved  in  the 
cytoplasm;  the  secondary  bundles  have  come  to  form  folded  ridges  on  both 
sides  of  the  cell,  already  indicating  the  final  shape  of  the  undulating  mem- 
branes. The  length  of  the  spermatosome,  however,  exclusive  of  the  fiagella 
is  only  about  70  micra.  A  general  lengthening  and  constriction  of  the  cell 
now  take  place  which  result  in  its  becoming  spindle-shaped,  with  an 
increase  of  from  15  to  20  micra  in  its  length.  At  the  same  time  the  folds 
of  the  secondary  bundles  are  somewhat  straightened  out  and  they  them- 
selves become  much  broader  and  flatter,  assuming  the  shape  and  appearance 
of  typical  undulating  membranes.  The  fibers  are  now  probably  arranged 
into  two  outer  layers  where  they  are  in  close  juxtaposition  to  one  another, 
if  not  actually  fused,  and  a  single  inner  layer  where  they  are  more  widely 
separated  from  each  other.  The  base  of  the  cell  is  drawn  out  narrowly  to  a 
point,  ending  with  the  fused  flagella.  It  is  quite  possible  that  the  final 
change  in  the  shape  of  the  cell  is  to  be  attributed  to  the  continued  growth 
of  the  fibers. 

DISCUSSION. 

There  are  two  outstanding  differences  between  the  development  of  the 
apyrene  spermatozoa  of  Strombus  and  that  of  the  oligopyrene  spermatozoa 
of  Paludina.  The  first  of  these  is  in  regard  to  their  origin.  It  has  been 
shown  by  Meves  ('03)  that  the  oligopyrene  spermatozoa  of  Paludina  arise 
from  the  spermatogonia,  certain  ones  of  which  undergo  an  unusual  growth 
and  become  the  oligopyrene  spermatocytes.  In  Strombus  the  apyrene 
spermatozoa  arise  from  certain  cells  which  are  different  from  the  spermato- 
gonia and  which  have  been  called  the  apyrene  spermatoblasts.  Secondly, 
in  their  later  development,  the  apyrene  spermatozoa  of  Strombus  do  not 
show  nearly  as  close  a  parallelism  to  the  development  of  the  eupyrene  as 
do  the  oligopyrene  spermatozoa  of  Paludina.  In  both  forms  the  develop- 
ment of  the  bundle  of  axial  fibers  in  the  atypical  spermatozoon  can  be 
closely  homologized  with  the  growth  of  the  axial  fiber  in  the  true  spermato- 
zoon, but  the  two  divisions  of  the  oligopyrene  spermatocyte  which  take  place 
in  Paludina  are  entirely  lacking  in  the  apyrene  spermatoblast  of  Strombus. 
Again,  in  the  adult  oligopyrene  spermatozoon  of  Paludina  the  equivalent 
of  one  chromosome  is  retained  and  forms  its  nucleus,  while  the  apyrene 
spermatozoon  of  Strombus  contains  no  chromatin  at  all.  Finally,  it  might 
be  pointed  out  that  the  oligopyrene  spermatozoon  of  Paludina  shows  a  much 
closer  approximation  to  the  form  of  the  eupyrene  than  does  the  apyrene 
spermatozoon  of  Strombus. 

On  the  other  hand,  there  exist  certain  fundamental  similarities  of 
development  and  structure  between  the  atypical  spermatozoa  of  Strombus 
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and  Paludina  and  indeed  of  other  forms  in  which  they  have  been  described. 
The  first  of  these  is  the  relatively  immense  growth  of  the  cell  which  ulti- 
mately gives  rise  to  the  atypical  spermatozoon.    Second,  the  history  of 
the  centrosome  and  the  development  of  the  axial  fibers  of  the  atypical 
spermatozoon  present  close  parallels  in  Strombus  and  Paludina.     The 
centrosome  fragments  and  gives  rise  to  a  number  of  centrioles;  the  division 
of  these  with  the  subsequent  separation  of  the  daughter  centrioles  results 
in  the  formation  of  the  bundle  of  axial  fibers.     In  Strombus  the  differenti- 
ation is  carried  further,  in  that  the  bundle  of  axial  fibers  splits  and  the  two 
halves  move  laterally  to  the  surface  of  the  cell  and  there  form  the  two  undu- 
lating  membranes.    Very   similar   phenomena   have   been  described    by 
Stephan  ('036)  and  by  Lams  ('09)  for  Murex  and  by  Kuschakewitsch  ('11 
and  '13)  for  Vermeius,     In  fact,  in  every  form  in  which  the  development  of 
the  atypical  spermatozoa  has  been  described  we  find  the  differentiation  of 
the  centrosomal  element  into  axial  fibers. 

Perhaps  the  most  generally  constant  phenomenon  in  the  development 
of  the  atypical  spermatozoa  of  different  forms  is  the  fate  of  the  chromatin. 
In  Paludina,  according  to  Meves  ('03),  one  chromosome  is  retained  and 
forms  the  nucleus  of  the  adult  oligopyrene  spermatozoon,  while  all  the  rest 
of  the  chromatin  degenerates.  A  similar  condition  is  held  by  Lams  ('09) 
to  be  the  case  in  Murex,  although  Stephan  ('036)  had  previously  reported 
that  in  this  form  all  of  the  chromatin  degenerates.  In  all  other  forms  in 
which  the  matter  has  been  investigated,  the  nucleus  breaks  down  and  an 
atypical  spermatozoon  is  developed  which  contains  no  chromatin.  Another 
characteristic  held  in  common  by  the  atypical  spermatozoa  of  certain  forms 
is  the  fact  that  the  products  of  metabolism  are  stored  in  the  cell.  Thus, 
we  find  large  secreted  bodies  in  the  atypical  spermatozoa  of  Strombus, 
Pteroceras  (Brock,  '87),  and  Vermetus  (Kuschakewitsch,  '11  and  '13).  It  is 
probable,  too,  that  the  mitochondrial  apparatus,  so  beautifully  described 
and  figured  by  Retzius  ('05),  in  the  oligopyrene  spermatozoa  of  Paludina 
is  of  the  same  nature,  as  well  as  the  refractive  bodies  described  in  the 
atypical  spermatozoa  of  Cyprcea  by  Brock  ('87),  of  Murex  by  Koehler  ('88), 
and  other  writers  and  the  vacuoles  in  the  apyrene  spermatozoa  of  Conus 
described  by  Schiemenz  ('96)  and  Kuschakewitsch  ('ii  and  '13). 

Both  Stephan  Co3a)  and  Kuschakewitsch  ('11)  have  suggested  the 
possibility  of  arranging  the  atypical  spermatozoa  of  different  forms  into  a 
gradated  series  based  upon  differences  in  their  development  and  structure 
and  representing  further  and  further  retrogressions  from  the  typical  sper- 
matozoa. At  the  head  of  such  a  list  would  be  placed  Paludina  and  Murex 
in  the  order  named.  Next  would  come  Conus,  for  here  Kuschakewitsch 
('13)  has  recently  found  that  one  division  normally  occurs  in  the  develop- 
ment of  the  apyrene  spermatozoon.  After  these  there  might  follow  in 
succession  Cerithium,  Vermetus,  and  Strombus.  The  list  can  not  safely  be 
extended  further  than  this,  since  we  are  not  sufficiently  acquainted  with  the 
phenomena  which  take  place  in  other  forms;  and  even  as  it  stands  the  list 
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is  full  of  contradictions.  Thus,  for  instance,  Cerithium  should  perhaps 
precede  Conus,  since  in  the  former  one  chromosome  is  retained  in  the  apyrene 
spermatozoon  for  a  longer  time  than  the  others  (Stephan,  '03a),  while  in 
Conus  all  the  chromatin  of  the  apyrene  spermatocyte  degenerates  simul* 
taneously.  Again,  when  considered  from  the  standpoint  of  the  differ- 
entiations of  the  centrosome  and  the  development  of  a  motor  apparatus, 
Conus  should  be  placed  at  the  end  of  the  list,  for  here  the  apyrene  spermat- 
ozoa are  totally  immotile.  Vermetus  has  been  placed  before  Strombus 
because  of  the  formation  of  chromosomes  and  of  an  abortive  spindle  in 
the  development  of  the  apyrene  spermatozoa  of  the  former;  but  the  order 
could  well  be  reversed  when  it  is  borne  in  mind  that,  in  the  development  of 
the  bundle  of  axial  fibers  of  the  atypical  spermatozoon,  Strombus  resembles 
Paludina  much  more  than  does  Vermetus.  The  truth  of  the  matter  is  that 
we  do  not  have  sufficient  data  upon  which  to  formulate  such  a  series.  In 
the  writer's  opinion,  the  evidence  is  not  clear  enough  for  us  to  draw  correct 
inferences  as  to  whether  or  not  we  are  dealing  with  a  series  of  retrogressions 
from  the  atypical  spermatozoa. 

While  it  has  been  shown  that  the  atypical  spermatozoa,  in  all  those  forms 
in  which  they  have  been  studied,  show  certain  fundamental  similarities, 
each  one  also  has  certain  differences  peculiar  to  itself.  One  of  the  greatest 
of  these  differences,  perhaps,  is  that  in  regard  to  the  origin  of  the  apyrene 
spermatozoa  of  Strombus.  Nevertheless,  in  spite  of  such  differences,  it  is 
the  writer's  opinion  that  they  are  all  essentially  the  same  and  are  derived 
from  similar  elements  of  the  testis — that  is,  they  are  modifications  of  the 
accessory  cells  of  the  testis,  just  2is  are  the  nurse-cells  in  the  testis  of  Lit* 
torina.  It  is  suggested  that  the  explanation  of  the  differences  between 
them  is  to  be  found  in  the  manner  in  which  the  differentiation  of  the  primi- 
tive cells  of  the  sexual  gland  takes  place  into  the  various  elements  of  the 
testis.  So,  in  the  Pulmonates  there  is  a  sharp  differentiation  of  the  primi- 
tive sex-cells  into  the  true  sex-cells  and  into  the  accessory  cells,  the  basal 
nuclei  with  their  surrounding  syncytium.  Here  the  latter  never  become 
differentiated  into  independent  cells,  although  they  undergo  changes  in 
their  size  and  shape  (Platner,  '85).  Among  the  Prosobranchs,  in  Littorina, 
the  writer  has  never  observed  the  same  tremendous  swelling  of  the  basal 
nuclei  as  may  be  seen  in  the  ovotestis  of  Planorbis,  but,  instead,  certain  of 
them  give  rise  directly  to  the  nurse-cells  to  which  the  spermatozoa  are 
attached.  In  Strombus  those  elements  which  give  rise  to  the  atypical 
spermatozoa  are  differentiated  from  the  true  sex-cells  along  with  the  basal 
nuclei.  The  latter  never  give  rise  to  nurse-cells  of  any  kind.  In  forms  such 
as  Paludina  and  Murex,  the  elements  which  give  rise  to  the  atypical  sper- 
matozoa are  not  differentiated  from  the  true  sexual  elements  along  with 
the  basal  nuclei,  but  only  after  the  spermatogonia  have  been  formed.  In 
Paludina  the  formation  of  nurse-cells  has  never  been  observed  by  the  writer 
nor  have  they  been  described  by  Meves,  but  the  basal  nuclei  undergo 
changes  which  are  very  similar  to  those  which  occur  in  the  ovotestis  of 
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Planorhis.  In  Vermetus  and  in  Conns,  too,  according  to  Kuschakewitsch 
('13),  the  atypical  spermatozoa  are  not  differentiated  until  after  the  forma- 
tion of  the  spermatogonia.  But  in  both  these  forms  nurse-cells  are  also 
developed  and  apparently  from  the  basal  nuclei;  whether  or  not  their 
development  is  the  same  as  that  of  the  nurse-cells  in  Littorina  is  not  known 
by  the  writer.  In  all  these  forms  there  is  a  period  in  the  development  of 
the  testis  when  the  true  sex-cells  are  undifferentiated  from  the  accessory 
elements.  It  may  be  that  certain  differences  in  the  plasma  of  the  primitive 
cells  lead  to  differences  in  the  manner  of  differentiation  of  the  accessory 
elements  and  these  in  turn  lead  to  the  production  of  adult  structures  which 
differ  from  each  other  to  a  greater  or  less  degree,  but  all  of  which  show 
certain  fundamental  resemblances. 

Besides  the  characteristics  held  in  common  between  the  atypical  sper- 
matozoa of  Strombus  and  those  of  other  forms,  the  former  show  certain 
resemblances  to  the  nurse-cells  in  the  testis  of  Vermetus  and  of  LiUorina. 
While  there  are  no  large  cells  in  the  testis  of  Strombus  which  could  possibly 
be  taken  for  anything  except  the  apyrene  spermatoblasts,  there  exist  a 
striking  resemblance  between  certain  of  the  developmental  stages  of  these 
and  some  of  the  figures  given  by  Kuschakewitsch  ('13)  for  the  nurse-cells 
in  the  testis  of  Vermetus  (figs.  104  and  105,  Taf.  xxiv,  and  figs.  169  and  170, 
Taf.  XXV,  Arch.  f.  Zellforsch.,  Bd.  x).  The  writer  has  shown  that  nurse- 
cells  are  developed  in  the  testis  of  various  species  of  Littorina  which,  when 
they  have  reached  their  maximum  size,  resemble  the  oligopyrene  spermato- 
cytes of  Paludina.  Later  on,  the  cells  become  filled  with  large  secreted 
bodies,  while  their  nuclei  gradually  degenerate.  In  the  final  stages  the 
latter  may  still  be  seen  in  a  very  shrunken,  d^enerated  condition  lying  just 
beneath  the  cell-membrane.  It  is  in  connection  with  the  formation  of  these 
secreted  bodies  and  the  corresponding  changes  in  the  nucleus  that  the 
apyrene  spermatozoa  of  Strombus  resemble  the  nurse-cells  of  LiUorina.  It 
will  be  remembered  that  in  the  apyrene  spermatoblasts,  after  the  nucleus 
breaks  down,  chromatic  vesicles  are  formed  which  gradually  increase  in 
size  until  the  formation  of  the  albuminous  bodies  is  begun.  From  this 
point  on,  with  the  continued  formation  of  the  albuminous  bodies,  they 
gradually  degenerate  and  are  finally  all  absorbed  in  the  cytoplasm. 

A  comparison  of  the  processes  which  occur  on  these  cells  and  those 
which  take  place  in  normal  secretory  cells  lead  to  some  interesting  consider- 
ations. Mathews  ('99)  has  shown  that  secretory  activity  or,  to  use  his 
term,  hylogenesis,  is  accompanied  in  various  epithelial  cells  by  certain 
changes  in  the  nucleus,  in  that  the  latter  becomes  irregular  in  outline  and 
is  displaced  towards  the  base  of  the  cell.  In  these  cells  the  process  is  cyclic ; 
after  the  cell  has  been  exhausted  the  nucleus  returns  to  its  normal  condition 
and  the  activity  begins  over  again.  The  changes  which  the  nurse-cells  of 
Littorina  undergo  at  the  commencement  of  their  secretory  activity  are  very 
similar  to  those  which  take  place  in  secretory  epithelial  cells.  In  the  former 
case,  however,  the  process  is  not  repeated  and  in  every  instance  it  is  ac- 
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companied  by  the  gradual  d^eneration  of  the  nucleus.  It  seems  to  be  not 
unlikely  that  these  two  facts  stand  in  a  causal  relation  to  each  other. 

The  same  condition,  that  is,  the  unrepeated  secretory  activity  of  the 
cell  accompanied  by  the  degeneration  of  the  nucleus,  holds  true  in  the  case 
of  the  apyrene  spermatozoa  of  Strombus  as  well  as  in  the  nurse-cells  of 
Littorina.  But  here  the  question  might  well  be  asked,  why  does  not  the 
nucleus  degenerate  directly,  instead  of  undergoing  the  complicated  history 
that  has  been  described?  The  primary  function  of  the  nucleus  is  concerned 
first  with  the  growth  of  the  spermatoblast  and  then  with  the  secretion  of 
the  albuminous  bodies,  and  possibly  its  presence  is  essential  for  the  develop- 
ment of  the  great  centrosome  with  its  many  centrioles.  The  differenti- 
ations which  occur  in  connection  with  the  centrioles  lead  to  the  formation 
of  the  undulating  membranes  and  they  are  initiated  by  the  disappearance 
of  the  centrosome.  It  is  believed  that  the  impulse,  whatever  it  may  be, 
which  is  responsible  for  the  disappearance  of  the  centrosome  causes  also  the 
dissolution  of  the  nuclear  membrane.  That  impulse  may  be  the  same  as 
that  which  causes  a  cell  to  divide  mitotically,  but,  as  has  been  shown,  there 
is  no  real  evidence  to  support  such  an  assumption.  Stated  a  little  differ- 
ently, when  considered  in  regard  to  the  subsequent  development  of  the 
apyrene  spermatosome,  it  is  the  change  that  occurs  to  the  centrosome  that 
is  of  prime  importance  at  this  time  and  that  which  occurs  to  the  nucleus  is 
incidental  to  it. 

Were  this  not  so,  we  should  expect  either  that  the  chromatic  fragments 
would  degenerate  without  first  becoming  vesiculated  and  the  secretion  of 
the  albuminous  bodies  be  commenced  at  the  same  time,  as  is  the  case  in  the 
apyrene  spermatozoa  of  Vermetus,^  or  else  that  the  nucleus  would  remain 
intact  until  the  secretory  activity  of  the  cell  is  begun  and  then  d^enerate 
as  a  whole,  which  is  the  case  in  the  nurse-cells  of  Littorina.  Instead,  the 
karyomerites  become  vesiculated  and  form  a  great  number  of  secondary 
nuclei  which  increase  in  size  until  the  first  albuminous  bodies  are  formed, 
when  they  begin  to  degenerate.  Moreover,  if  the  secretory  activity  of  the 
cell  is  enhanced  by  an  increase  in  the  surface  contact  between  the  nucleus 
and  the  cytoplasm,  then  the  formation  of  the  secondary  nuclei  is  of  great 
advantage. 

The  conditions  observed  in  the  seminal  receptacle  and  uterus  of  Strombus 
bituberculatus  and  S.  gigas  after  copulation  and  at  a  time  before  oviposition 
has  commenced,  and  indeed  before  the  ova  are  fully  matured,  throw  a 
certain  amount  of  light  upon  the  nature  of  their  function.  The  fact  that 
eupyrene  spermatozoa  are  found  in  those  parts  at  such  a  time  indicates  that 
they,  or  at  least  some  of  them,  must  remain  there  for  a  protracted  period — 
that  is,  until  and  during  the  time  of  oviposition.  The  greater  part  of  that 
time  is  no  doubt  spent  in  the  seminal  receptacle,  where  they  can  and  do 
receive  an  independent  supply  of  nourishment.    But,  judging  from  the 

>  In  this  oonnectioii  KiuchakewiUch  ('13)  baa  made  the  sugnttion  that  in  VtrmOus  the  retention  of  the 
chromatic  element*  aa  rach  almoat  until  the  end  of  apermatogenetti  la  to  be  explained  on  the  grounds  that  the 
chromatin  participates  in  the  formation  of  the  albuminous  bodies  in  the  protoplasm  of  the  apyrene  spermatosoon. 
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fact  that  in  nearly  every  case  examined  they  have  also  been  found  in  the 
uterus  along  with  the  apyrene  spermatozoa,  it  must  take  a  long  time  for 
them  to  move  into  the  seminal  receptacle.  In  the  uterus  a  separation  of 
the  two  kinds  of  spermatozoa  occurs,  the  eupyrene  being  retained  in  good 
condition  while  the  apyrene  may  be  seen  in  all  conditions  of  katabolic 
changes  leading  to  the  total  exhaustion  of  the  secreted  bodies.  It  may  be 
that  the  apyrene  spermatozoa  serve  to  nourish  the  eupyrene  until  the  latter 
are  stored  in  the  seminal  receptacle,  where  they  may  obtain  an  adequate 
and  independent  food  supply.  Whether  this  is  so  or  not,  it  is  believed  that 
the  apyrene  spermatozoa  of  Strombus  subserve  their  purpose  in  the  uterus 
and  possibly  also  in  the  vagina  and  bursa  seminalis  immediately  after  copu- 
lation and  that  their  function  is  connected  with  their  breaking  down. 

There  are  two  other  ways  of  explaining  the  behavior  of  the  apjo^ene 
spermatozoa  after  copulation  has  taken  place.  The  first  of  these  was 
suggested  to  the  writer  by  Professor  Conklin  and  is  to  the  effect  that  the 
apyrene  spermatozoa  in  breaking  down  may  liberate  a  substance  which 
stimulates  the  eupyrene  spermatozoa  or  the  eggs  or  both  during  fertilization. 
The  possibility  of  their  being  an  aid  in  the  final  disposition  of  the  eupyrene 
spermatozoa  was  indicated  by  a  series  of  experiments  recently  performed  by 
the  writer.*  It  may  be  that  the  substance  liberated  by  the  apyrene  sper- 
matozoa as  a  result  of  the  changes  which  they  undergo  causes  the  eupyrene 
spermatozoa  to  withdraw  from  them  and  eventually  to  enter  the  seminal 
receptacle. 

The  fact  that  the  apyrene  spermatozoa  of  Strombus  break  down  after 
copulation  and  are  discarded,  while  the  eupyrene  are  retained  and  kept  in  a 
healthy  condition,  together  with  the  results  obtained  by  Kuschakewitsch 
('lo)  in  his  study  of  the  fertilization  of  the  eggs  in  Aporrhais  pes  pelicani — 
these  facts,  in  the  writer's  opinion,  preclude  the  view  that  the  atypical 
spermatozoa  may  participate  as  such  in  the  fertilization  of  the  egg. 

>  While  at  the  Tortosas  Laboratory  during  June  1913.  cultures  of  the  oontentt  of  the  sperm-duct  of 
Strombus  gigas  were  kept  alive  and  observed  under  var^ng  conditions.  The  spermatozoa  lived  longest  in 
cultures  made  from  sterilized  sea-water,  in  some  cases  as  long  as  7a  houra.  The  length  of  life  of  the  sper- 
matozoa apparently  depended  upon  the  extent  to  which  the  cultures  had  been  kept  free  from  bacterial  infection. 
In  such  cultures,  there  was  always  a  separation  of  the  two  kinds  of  spermatosoa,  the  eupyrene  remaining  active 
for  a  long  time  after  the  apyrene  had  ceased  their  movements.  In  very  many  instances  a  dear  drop  of  some 
substance  could  be  seen  attached  to  the  side  of  an  apyrene  spermatozoon  whose  contents  had  partially  or  com- 
pletely broken  down.  Very  striting  results  were  obtained  in  a  few  cultures  in  which  a  small  piece  of  decaying 
tissue  was  included  in  order  to  test  the  reaction  of  the  two  kinds  of  spermatozoa  to  COi.  In  every  case  the 
eupyrene  spermatozoa  moved  further  and  further  away  from  the  source  of  the  COi  luitil  th«r  reached  the  edges 
of  the  cover  glass.  The  apyrene  spermatozoa,  on  the  other  hand,  were  not  greatly  stimulated  except  in  one 
instance,  where  they  gave  a  distinct,  positive  reaction,  gathering  around  the  pieces  of  decaying  tissue.  One 
effect  of  COt  upon  the  apyrene  spermatozoa  was  to  cause  a  comparatively  rapid  and  complete  breakdown  of 
their  contents.  Unfortimately,  for  lack  of  time,  these  experiments  could  not  be  repeated  under  conditions  of 
greater  accuracy. 
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SUMMARY. 

1.  The  apyrene  spermatozoa  of  Strombus,  in  the  adult  condition,  are 
devoid  of  any  nuclear  material.  The  body  of  the  spermatozoon  is  spindle- 
shaped  and  is  filled  with  large  hexagonal  albuminous  bodies.  Locomotion 
is  brought  about  by  means  of  the  undulations  of  two  broad  membranes 
attached  to  each  side  of  the  body. 

2.  Together  with  the  eupyrene  spermatozoa,  they  are  found  in  the 
uterus  of  the  female,  where  they  undergo  certain  kataboHc  changes  resulting 
in  the  total  exhaustion  of  the  albuminous  bodies.  They  are  never  found 
in  the  seminal  receptacle,  even  when  the  latter  is  crowded  with  eupyrene 
spermatozoa. 

3.  The  differentiation  between  the  eupyrene  and  the  apyrene  spermato- 
zoa can  be  traced  back  further  than  the  growth  period.  In  fact,  apyrene 
spermatozoa  develop  from  cells  which  can  be  distinguished  from  the  sper- 
matogonia of  the  first  generation  and  wiiich  have  been  named  the  apyrene 
spermatoblasts. 

4.  The  apyrene  spermatoblasts  are  believed  to  arise  from  the  basal 
nuclei.  Confirmation  of  this  phenomenon  in  other  related  forms  is  required 
before  it  can  be  considered  an  established  fact. 

5.  The  very  early  appearance  of  a  centriole  in  the  apyrene  spermato- 
blast establishes  the  polarity  of  the  apyrene  spermatozoon. 

6.  The  growth  of  the  apyrene  spermatoblast  is  marked  by  a  great  in- 
crease in  the  volume  of  the  cytoplasm  and  nucleus  and  by  the  development, 
from  the  original  centriole,  of  a  very  large  centrosome  containing  many 
secondary  centrioles  at  its  periphery.  No  division  of  any  kind  takes  place 
during  the  development  of  the  spermatoblast. 

7.  After  the  apyrene  spermatoblast  has  acquired  its  full  growth,  the 
dissolution  of  the  nuclear  membrane  and  the  disappearance  of  the  centro- 
some take  place  simultaneously.  The  chromatic  fragments  (karyomerites) 
are  scattered  throughout  the  distal  half  of  the  cell  and  the  centrioles  become 
grouped  beneath  the  membrane  at  the  base  of  the  cell.  From  each  of  the 
latter  a  flagellum  grows  out.  The  cell  may  now  be  spoken  of  as  the  apyrene 
spermatosome,  for  the  ensuing  changes  give  rise  directly  to  the  adult 
apjo^ne  spermatozoon  without  any  appreciable  increase  in  its  volume. 

8.  The  centrioles  divide  and  the  distal  halves  move  across  the  cell  in 
the  direction  of  the  chief  axis,  forming  a  bundle  of  axial  fibers  between 
themselves  and  the  proximal  halves.  At  the  same  time  the  karyomerites 
become  vesiculated  and  remain  active  for  a  time,  gradually  becoming  larger. 

9.  The  mitochondria  which  have  been  formed  around  the  centrosome 
during  the  growth  period  now  constitute  the  inner  margin  of  a  ring  of  dense 
cytoplasm  which  lies  around  the  bundle  of  axial  fibers  at  its  base. 

10.  When  the  bundle  of  axial  fibers  has  come  to  extend  entirely  across 
the  cell,  the  secretion  of  the  albuminous  bodies  is  begun  in  the  anterior  por- 
tion of  the  spermatosome.  This  process  continues  hand  in  hand  with  the 
degeneration  of  the  chromatic  vesicles,  until,  successively,  the  middle  and 
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posterior  portions  of  the  cell  have  been  completely  filled  with  them  and  all 
of  the  chromatic  vesicles  have  disappeared. 

11.  In  the  meantime,  the  bundle  of  axial  fibers  continue  to  grow  until 
the  cell  has  been  elongated  in  an  anterior  direction,  along  its  chief  axis,  by 
about  one-third  its  original  diameter.  Afterwards,  the  continued  growth  of 
the  axial  fibers  is  not  accompanied  by  a  fully  compensating  increase  in  the 
length  of  the  cell ;  the  changes  which  ensue  are  all  the  direct  result  of  this  fact. 

12.  A  longitudinal  split  occurs  in  the  bundle  of  axial  fibers,  dividing  it 
into  two  equal  halves,  each  of  which  moves  in  an  opposite  direction  towards 
the  surface  of  the  cell.  In  doing  so  they  rupture  the  ring  of  dense  cytoplasm 
which  lie  around  the  base  of  the  bundle.  This  substance  gradually  disap- 
pears, but  the  mitochondria  associated  with  it  persist  in  the  adult  apyrene 
spermatozoon. 

13.  Having  reached  the  surface  of  the  cell,  the  secondary  bundles  of 
axial  fibers  now  come  to  extend  laterally  beyond  it.  The  further  growth 
of  the  fibers  causes  a  number  of  folds  to  occur  throughout  the  length  of  the 
bundles.  Finally  a  general  elongation  and  constriction  of  the  cell  occur, 
with  the  result  that  the  body  of  the  spermatosome  acquires  the  spindle-like 
shape  of  that  of  the  adult  apyrene  spermatosome  and  the  secondary  bundles 
on  both  sides  of  it  become  straighter  and  more  flattened,  forming  the 
undulating  membranes. 

14.  In  the  writer's  opinion  the  apyrene  spermatozoa  of  Strombus  sub- 
serve their  purpose  after  copulation  has  taken  place  and  their  function  is 
connected  with  the  katabolic  changes  which  they  undergo.  Their  behavior 
may  be  explained  on  the  grounds  of  the  following  three  suggested  possi- 
bilities: (a)  They  may  serve  as  nurse-cells  to  the  eupjn-ene  spermatozoa 
after  copulation  and  before  the  latter  reach  the  seminal  receptacle;  (b)  they 
may,  by  the  liberation  of  some  substance,  stimulate  the  eupyrene  sperma- 
tozoa or  the  eggs  or  both  during  fertilization;  or,  by  the  liberation  of  some 
substance  to  which  the  eupyrene  spermatozoa  are  negatively  chemotactic, 
they  may  act  as  an  aid  in  the  final  disposition  of  the  latter. 

15.  The  conditions  met  with  in  the  uterus  and  seminal  receptacle  of  the 
female  after  copulation  has  taken  place  and  before  oviposition  has  com- 
menced show  that  the  apyrene  spermatozoa  do  not  participate  as  such  in 
the  fertilization  of  the  egg. 
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EXPLANATION  OF  FIGURES. 

All  figures  were  drawn  at  table  height  with  the  aid  of  a  camera  lucida.  With  the 
exception  of  those  on  plate  i  and  figs.  63-65,  all  figures  were  drawn  with  the  use  of  the  Zeiss 
1.5  mm.  apochromatic  objective  and  the  12  compensating  ocular;  the  figures  on  plate  i  were 
drawn  with  the  use  of  the  Zeiss  2  mm.  apochromatic  objective  (NJV.  1.30)  and  the  6  com- 
pensating ocular  and  were  then  enlarged  to  1825  diameters,  while  figs.  63-65  were  drawn 
with  the  use  of  the  Zeiss  1.5  mm.  apochromatic  objective  and  the  8  compensating  ocular. 
In  studying  the  cells  the  Zeiss  1.5  mm.  apochromatic  objective  as  well  as  the  2  mm. 
(NJV.  140)  were  used  in  combination  with  the  8  compensating  ocular.  Figs.  8-65  were 
drawn  from  sections,  5  micra  thick,  of  material  fixed  in  Flemming's  fluid  (stronger  solution) 
and  stained  with  iron  hematoxylin  followed  by  gentian  violet  and  erythrosin. 

Plate  i. 

(Initial  magnification  1825  diameters,  not  reduced.) 
I  to  5.  Three  progressive  stages  in  the  development  of  the  apyrene  spermatosome,  drawn 
from  living  material.    Figs,  i  and  2  show  corresponding  stages  viewed  in  planes 
at  right  angles  to  each  other;  figs.  3  and  ^  are  similar  views  of  a  later  stage. 

6.  Adult  apyrene  spermatozoon,  drawn  from  a  specmien  fixed  with  osmic  vapor  anastained 

with  iron  hematoxylin. 

7.  Adult  eupyrene  spermatozoon,  drawn  from  a  specimen  fixed  with  osmic  vapor  and 

stained  with  iron  hematoxylin. 

Plate  2. 

(Initial  magnification  3450  diameters,  reduced  one-third.) 
8  to  14.  Various  stages  in  the  growth  of  the  apyrene  spermatoblast  from  the  earliest 

appearance  of  the  centrosomal  structure  until  a  time  just  before  it  disappears  and 

the  nuclear  membrane  is  dissolved. 
15  and  16.  Two  consecutive  sections  through  a  single  cell  showing  the  initiation  of  the 

changes  which  occur  to  the  nucleus  and  the  centrosome.    The  mitochondria  are 

shown  lying  around  the  centrosome  (fig.  15). 
17  and  18.  Two  consecutive  sections  through  a  single  spermatoblast  in  the  same  stage  as 

the  preceding  one.    Note  that  the  centrosome  has  disappeared. 
19  and  20.  Two  consecutive  sections  through  a  single  spermatoblast  showing  the  scattering 

of  the  chromatic  masses  after  the  dissolution  of  the  nuclear  membrane. 

Plate  3. 

(Initial  magnification  3450  diameters,  reduced  one-third.) 
21,  22,  and  23.  Three  consecutive  sections  through  a  single  spermatoblast  showing  the 

appearance  of  groups  of  centrioles  at  the  periphery  of  the  cell. 
24  and  25.  Two  consecutive  sections  through  a  single  spermatoblast  showing  the  completed 

fragmentation  of  the  chromatic  masses  to  form  the  ultimate  karyomerites. 
26  and  27.  Two  consecutive  sections  through  a  single  spermatoblast  showing  the  appearance 

of  the  centrioles  on  the  periphery  of  the  originally  proximal  half  of  the  spermato- 
blast and  the  vesiculation  of  the  karyomerites. 
28  and  29.  Two  consecutive  sections  through  a  single  spermatoblast,  showing  the  grouping 

of  the  centrioles  and  the  growth  of  the  fiagella. 
30,  31,  and  32.  Three  consecutive  sections  through  a  single  spermatoblast  of  the  same  age 

as  the  preceding  one,  showing  the  rays  which  extend  from  the  centrioles  into  the 

interior  of  the  cell. 

Plate  4. 

(Initial  magnification  3450  diameters,  reduced  one-third.) 

33.  A  section  through  a  very  young  spermatosome.    The  centrioles  have  gathered  at  the 

base  of  the  cell  but  have  not  yet  divided. 

34.  A  section  through  a  spermatosome  in  the  stage  in  which  the  centrioles  are  dividing. 

35.  A  section  through  a  spermatosome  after  the  division  of  the  centrioles  showing  the 

manner  in  which  the  axial  fibers  are  formed. 
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36  and  39.  Sections  through  two  spermatosomes  showing  consecutive  stages  in  the  growth 

of  the  axial  fibers. 

37  and  38.  Two  consecutive  sections  through  the  bundle  of  axial  fibers  of  a  spermatosome 

in  a  stage  corresponding  to  that  shown  in  figure  39.  Note  the  almost  round  base 
and  the  flattened  anterior  portion  of  the  bundle  and  the  mitochondrial  apparatus 
surrounding  the  latter. 
40  and  41.  Sections  through  two  spermatosomes  of  approximately  the  same  age;  the  sec- 
tions pass  in  planes  which  are  at  right  angles  to  each  other.  Figure  41  gives  a 
surface  view  of  the  bundle  of  axial  fibers  and  the  mitochondria  surrounmng  it; 
note  the  increase  in  the  size  of  the  chromatic  vesicles  shown  here. 

42.  A  cross-section  through  the  posterior  region  of  a  spermatosome  which  is  a  little  older 

than  the  preceding  ones.  Note  how  closely  the  mitochondria  are  applied  to  the 
bundle  of  axial  fibers. 

Plate  5. 

(Initial  magnification  3450  diameters,  reduced  one-third.) 

43.  A  section  through  a  spermatosome  showing  the  further  growth  of  the  bundle  of  axial 

fibers. 
44  and  45.  Sections  through  two  spermatosomes  showing  the  bundle  of  axial  fibers  extending 

across  the  cell  and  the  early  formation  of  the  secreted  bodies;  the  sections  pass 

in  planes  which  are  at  right  angles  to  each  other. 
46.  A  section  through  a  spermatosome  showing  the  continued  growth  of  the  bundle  of 

axial  fibers  until  it  extends  beyond  the  cell. 
47  and  48.  Sections  through  two  spermatosomes  of  slightly  different  ages  showing  the 

splitting  of  the  bundle  of  axial  fibers;  the  sections  pass  in  planes  which  are  at  right 

angles  to  each  other. 

Plate  6. 

(Initial  magnification  3450  diameters,  reduced  one-third.) 
49.  A  longitudinal  section  through  a  spermatosome  in  a  well-advanced  stage.    The  splitting 
of  the  bundle  of  sudal  fibers  has  been  completed  and  the  cell  is  partially  filled  with 
the  secreted  bodies.    The  nuclear  vesicles  are  rapidly  degenerating. 
50  to  58.  Consecutive  cross-sections  through  a  single  spermatosome  a  little  younger  than 
that  shown  in  figiu^  ^9.    The  sections  are  taken  in  order  from  the  posterior  to 
the  anterior  end  of  tne  spermatosome  and  show  the  modifications  of  the  two 
halves  of  the  bundle  of  axial  fibers  as  they  reach  the  cell- wall  on  each  side. 
59  and  60.  Cross-sections  through  the  posterior  and  anterior  halves  of  two  spermatosomes 
of  the  same  age  showing  some  of  the  axial  fibers  moving  out  beneath  the  cell-wall. 

Plate  7. 

(Initial  magnification  2450  diameters,  reduced  one-third.) 

63.  A  longitudinal  section  through  a  spermatosome  in  which  the  halves  of  the  bundle  of 

axial  fibers  have  reached!  the  cell- wall  on  both  sides  throughout  their  entire  length. 
The  secretion  of  the  albuminous  bodies  has  not  yet  been  completed  nor  has  all  the 
chromatin  disappeared. 

64.  A  longitudinal  section  through  a  nearly  adult  apyrene  spermatozoon  showing  the  total 

disappearance  of  the  chromatin  and  the  cell  filled  with  the  secreted  bodies. 

65.  A  longitudinal  section  through  an  apyrene  spermatozoon  of  the  same  age  as  that  shown 

in  figure  64  giving  a  surface  view  of  one  of  the  two  undulating  membranes  and  the 
longitudinal  fibers  beneath  the  cell- wall. 
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Fig.  1.  Dorsal  view  of  Aetobatus  narinari,  from  Beaufort. 
Fk;.  2.  Ventral  view  of  Aetobatus  narinari,  from  Beaufort. 
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HISTORY  OF  THE  SPOTTED  EAGLE  RAY,  AETOBATUS  NARINARI, 
TOGETHER  WITH  A  STUDY  OF  ITS  EXTERNAL  STRUCTURES. 


By  E.  W.  Gudger. 


This  paper  had  its  inception  in  the  desire  to  record  permanently  certain 
observations  which  I  was  so  fortunate  as  to  make  on  this  ray  at  the  Labor- 
atory of  the  United  States  Bureau  of  Fisheries,  at  Beaufort,  North  Carolina, 
in  the  summer  of  1909;  but,  it  was  very  quickly  seen  that  the  value  of  the 
paper  would  be  greatly  increased  if  it  included  a  review  of  the  better-known 
literature  of  the  fish.  Before  this  could  be  done,  however,  I  again  found 
myself  at  Beaufort  (1910),  where  I  was  more  fortunate  than  ever  in  getting 
specimens.  Later  (1913),  while  working  at  the  Marine  Laboratory  of  the 
Carnegie  Institution  of  Washington  at  Tortugas,  Florida,  a  number  of  fine 
specimens  were  obtained  from  Key  West,  making  possible  a  comparison 
of  Florida  and  North  Carolina  forms.  Meanwhile  the  study  of  the  literature 
proved  of  very  great  interest,  and  finally  it  was  determined  to  make  the 
paper  include  a  review  of  all  previous  work  on  this  ray.  To  this  end  neither 
time  nor  effort  has  been  spared  and  it  is  believed  that  the  paper  justifies 
its  title,  since  in  it  eyery  scientific  article  has  been  reviewed  and  every  figure 
of  the  ray  reproduced  (with  three  exceptions  noted  later),  which  so  far  as 
I  know  have  ever  been  published. 

In  such  a  work,  done  under  many  difficulties  and  at  great  distances 
from  libraries,  I  am  under  many  obligations  to  piany  people,  and  it  is  a 
pleasure  to  acknowledge  my  indebtedness  to  those  who  have  made  this  paper 
possible.  To  Dr.  Theodore  N.  Gill  and  Dr.  Barton  W.  Evermann  I  am 
indebted  for  much  invaluable  advice  and  suggestions.  To  the  United  States 
Bureau  of  Fisheries  I  wish  to  express  my  thanks  for  the  fact  that  the 
facilities  of  its  laboratory  at  Beaufort,  North  Carolina,  and  of  its  library 
at  Washington  have  been  freely  put  at  my  disposal.  My  hearty  thanks 
are  due  Dr.  A.  G.  Mayer,  who  not  only  afforded  me  every  facility  of  his 
laboratory  at  Tortugas  and  Key  West,  but  whose  interest  led  him  per- 
sonally to  procure  for  me  three  of  my  four  Florida  specimens. 

THE  SPOTTED  EAGLE  RAY,  AfiTOBATUS  NARINARI. 

Among  the  selachians,  or  fishes  with  exposed  strap-shaped  gill-slits,  the 
order  Batoidei,  skates  and  rays,  is  easily  the  most  interesting  because  of 
the  very  extraordinary  and  unusual  forms  assumed  by  these  flat-bodied, 
disk-shaped  animals.  All  the  families  of  North  American  rays  are  repre- 
sented along  the  shores  of  eastern  North  Carolina,  but  of  them  the  eagle 

243 


Digitized  by 


Google 


244         Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

rays,  myliobatids,  are  the  most  attractive.  These  are  readily  recc^;nized 
by  their  wing-like  pointed  pectoral  fins,  their  long,  slender,  whip-like  tails 
armed  with  one  or  more  serrated  spines,  and  their  jaws  filled  with  lai^ 
pavement  teeth.  Of  the  three  North  Carolina  genera  of  the  family  Mylio- 
batidae,  two  forms,  AUobatus  narinari,  the  spotted  eagle  ray,  and  Rhinoptera 
bonasus^  the  cow-nosed  ray,  have  been  studied  by  the  writer,  while  with  the 
third  and  rarer  form,  MyUobatis  freminviUeif  he  is  but  slightly  acquainted. 
Because  of  its  shape  and  markings,  the  spotted  eagle  ray  is  ^isily  the 
handsomest  of  these  forms,  and,  in  the  whole  ray  order,  so  far  as  represented 
on  the  North  Carolina  coast,  its  only  rival  in  appearance  is  the  butterfly 
ray,  Pteroplatea  maclura. 

GENERAL  DESCRIPTIONS. 

The  earliest  reference  to  Narinari,  which  the  writer  has  found,  is  in  an 
old  book  by  Claude  d'Abbeville,  **  Histoire  de  la  Mission  des  Pferes  Capuchins 
en  risle  de  Maragnan,"^  published  at  Paris  in  1614.  On  page  245,  this 
old  monk  writes  as  follows: 

There  is  here  the  Narinary,  which  is  another  flat-fish  very  similar  also  to  the  Raye. 
It  is  six  feet  long  and  as  many  wide,  and  has  a  tail  about  a  fathom  long,  in  the  middle  of 
which  there  is,  moreover,  a  spine  [as  in  the  preceding  ray],  but  about  a  full  foot  in  length 
and  very  dangerous.    This  ray  is  all  striped  with  black  and  white. 

This  is  very  indefinite,  since  none  of  the  distinctive  characters  of  the 
fish  are  given,  but  the  reference  is  probably  to  the  ray  under  study.  Sloane 
(1797),  from  whom  the  reference  came,  thinks  so.  The  name,  Narinary  or 
Narinari,  is  Brazilian,  and  seems  to  have  been  the  common  designation  of 
this  fish.  The  description  of  the  lines  is  very  interesting,  since  only  one  of 
the  several  published  figures  of  the  fish,  that  by  Jordan  and  Evermann 
(1900),  shows  these  lines  (text-fig.  3),  and  but  one  author.  Smith  (1907), 
describes  them. 

The  next  reference  is  found  in  Jan  de  Laet's  "Novus  orbis,  seu  de- 
scriptiones  Indiae  Ocddentalis,"  published  at  Leyden  in  1633.  In  book 
XVI,  chapter  14,  page  616,  de  Laet  quotes  from  Abbeville  that  Narrinnari 
(also  spelled  in  the  margin  Narinnary)  is  a  species  of  ray  having  a  tail  shorter, 
but  with  spines  longer  (than  certain  forms  previously  referred  to),  and 
having  the  whole  body  marked  with  black  and  white  lines.  Beyond  this 
brief  statement  he  gives  no  further  description,  and  it  is  pretty  certain  that 
he  never  saw  the  fish. 

In  Purchas  (1625),  "His  Pilgrims,"  vol.  vii,  chapter  i,  is  a  "Treatise  on 
Brasil,  written  by  a  Portugal  which  had  long  lived  there."  On  p.  1313  is 
an  obscure  reference  to  a  fish  which  "hath  in  its  mouth  two  stones  as  broad 
as  the  hand,  exceedingly  strong,  with  which  they  break  the  Wilkes  whereon 
they  feed."  And  in  the  next  paragraph  "these  Rayes  some  have  in  their 
mouths  two  bones,  and  break  with  them  the  Wilkes."    These  statements 

1  The  island  of  Maiagnan,  or  Maranham,  as  the  Portuguese  wrote  it,  is  the  i>resent  Maranhao  on  the 
northern  coast  of  Brazil. 
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Sloane  (1725),  who  first  notes  them,  thinks  refer  to  Narinari,  and  it  is  certain 
that  they  refer  to  the  jaw  structures  of  a  Myliobatid,  or  mill-toothed  ray. 

In  1638,  in  the  capacity  of  astronomer  and  naturalist,  George  Marcgrave 
accompanied  the  Dutch  expedition  to  Brazil  under  the  leadership  of  Maurice 
of  Nassau,  who  was  governor-general  of  the  Dutch  conquests  in  that  country 
from  1637  to  1644.  Marcgrave  remained  in  Brazil  and  northeastern  South 
America  for  several  years.  With  him  went  William  Piso,  who  was  physician 
to  Count  Maurice.  While  these  two  men  accompanied  the  expedition  in 
their  professional  capacities  as  physician  and  astronomer,  it  is  certain  that 
as  naturalists  they  had  the  active  aid  and  cooperation  of  Count  Maurice, 
as  will  be  indicated  later. 

Piso's  scientific  work  on  this  expedition  was  done  wholly  from  a  medical 
standpoint  and  is  embraced  in  four  books,  comprising  132  pages  with  104 
figures,  and  bearing  the  title  "De  Medidna  Brasiliensi."  Marcgrave's 
natural  history  work  is  embodied  in  eight  books  covering  303  pages,  illus- 
trated by  429  figures,  and  entitled  "Historiae  Rerum  Naturalium  Brasiliae." 
Books  I,  II,  and  iii  treat  of  plants,  book  iv  of  fishes,  v  of  birds,  vi  of 
quadrupeds  and  serpents,  vii  of  insects,  viii  of  the  land  and  its  inhabitants, 
and  finally  there  is  an  appendix  on  the  Tapuyis  and  Chilians. 

The  joint  work  of  Marcgrave  and  Piso,  edited  by  de  Laet,  was  published 
in  folio  at  Leyden  and  Amsterdam  in  1648,  under  the  title  "Historia 
Naturalis  Brasiliae."  Although  Marcgrave's  part  of  this  work  is  more  than 
twice  as  great  as  Piso's,  he  being  dead,  Piso's  contribution  fills  the  first  part 
of  the  volume  and  on  the  title  page  Piso's  name  precedes  that  of  Marcgrave. 

That  part  of  Marcgrave's  work  dealing  with  the  fishes  of  Brazil  is  the 
first  study  ever  made  of  the  fish  fauna  of  a  region  outside  of  the  Mediterra- 
nean Sea.  He  describes  105  species  and  gives  spirited  figures  of  86  of  them, 
all  new  to  science.  To  book  iv  of  Marcgrave's  **  Natural  History  of  Brazil," 
the  student  of  American  ichthyology  must  go  back  for  the  original  descrip- 
tions and  figures  of  a  large  number  of  our  fishes.  So  the  present  writer 
has  done  for  the  spotted  sting  ray  and  the  toadfish  studied  by  him.  This 
"Natural  History  of  Brazil,"  at  the  time  of  its  publication,  was  by  far  the 
most  scientific  and  comprehensive  work  of  its  kind  given  to  the  world  and  it 
was  more  than  a  hundred  years  before  a  work  of  equal  importance  appeared. 
Too  much  praise  can  not  be  given  Marcgrave  and  his  patron  and  friend, 
Prince  Maurice,  for  what  even  in  our  day  would  be  a  great  undertaking. 

The  Royal  Library  of  Berlin  contains  two  collections  of  paintings,  in 
folio,  of  the  natural  history  objects  of  Brazil.  These  paintings  number 
1,460  in  all.  The  larger  collection  is  in  oils  and  bears  title  as  follows 
"Theatri  rerum  naturalium  Brasiliae.  (Icones  in  4  BSnden),  Libri  Pic- 
turati  A  32-35."  The  smaller  collection  is  in  water  colors  and  is  entitled 
**Brasilianische  NaturgegenstSlnde  (Collectio  rerum  naturalium  Brasiliae  in 
2  B^nden).  Libri  picturati  A  36-37."  In  the  present  writer's  biographical 
sketch  of  Marcgrave  (Gudger,  191 2)  it  is  clearly  proved  that  the  water-color 
figures,  from  which  Marcgrave's  *'  Natural  History  of  Brazil "  was  illustrated, 
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were  painted  by  Marcgrave  himself.  It  seems  equally  clear  that  the  oil 
paintings  were  by  a  Dutch  painter  named  Franz  Poste,  who  accompanied 
Count  Maurice  to  Brazil.  The  whole  matter  of  the  paintings  is  discussed 
in  full  in  the  sketch  cited  above.    These  paintings  will  be  referred  to  later. 

Some  time  during  the  years  1638-44  Marcgrave  discovered,  figured, 
and  described  from  Brazilian  waters  the  spotted  eagle  ray,  and  inasmuch 
as  his  original  description  and  figure  possess  great  historical  as  well  as 
scientific  value,  since  they  show  what  excellent  work  was  done  in  a  wild 
and  barbarous  country  nearly  275  years  ago,  by  a  man  working  under  great 
disadvantages  but  possessed  of  the  true  scientific  spirit,  they  are  herewith 
reproduced  from  pages  175  and  176  of  the  above-mentioned  work  by  Piso 
and  Marcgrave  (1648)  (text-fig.  i): 

Of  the  several  species  of  fish  called  "Narinari"  by  the  Brazilians,  the  one  which  we 
have  described  here  is  '* Narinari  pinima.**  It  is  called  *'Raja'*  by  the  Portuguese,  and 
''PylsUerte"  or  "Steele"  by  the  Dutch.     It  is  a  ** Marina  pastinacar 

Its  body  is  large,  broad,  almost  triangular  in 
shape,  extending  out  on  both  sides  into  very 
broad  triangular  wings,  which  are  fleshy  in  their 
make-up.  Near  the  tail  it  has  two  fins  about  the 
size  of  one's  hand,  rounded  in  outline  and  of  equal 
length.  Its  head,  which  is  thick,  compressed,  and 
furrowed  in  the  middle,  is  about  as  large  as  that  of 
a  good-sized  pig. 

The  mouth  rounded  underneath  is  triangular, 
compressed  a  little,  and  terminates  in  a  snout. 
The  opening  of  the  mouth  is  on  the  ventral  sur- 
face, 5  inches  from  the  end  of  the  snout.  The 
mouth  is  2j^  inches  wide,  toothless,  but  having 
in  the  place  of  teeth  a  lower  jaw  in  the  shape  of 
a  tongue.  This  is  4  inches  long,  i  J^  inches  wide, 
and  reaches  to  the  external  opening  of  the  mouth. 
Likewise,  there  is  an  upper  jaw  placed  crosswise, 
2  inches  long  and  as  many  wide. 

The  lower  jaw  consists  of  17  hard  white 
bones  having  the  shape  of  the  letter  U  and  firmly 

joined  to  the  membranes.     Underneath  there  lie  Text-fig.  i. — Narinarit  from 

17  other  bones,  one  under  each,  of  spongy  ap-  Marcgrave. 

pearance  but  not  so  hard.      The  upper  jaw  con- 
sists of  14  bones,  shaped  like  the  letter  J  and  also  joined  together  by  membranes.    Likewise 
14  other  bones  lie  above  these.      Moreover  the  two  jaws  are  joined  to  the  other  bones  of 
the  head  by  membranes  [cartilages  ?]. 

The  cavity  of  the  skull,  wherein  the  brain  lies,  is  about  6  inches  long  and  hardly  2 
wide.  The  snout  is  wholly  cartilaginous.  The  fish  has  two  small  eyes  about  the  size  of  a 
nummus  misnicus.  Behind  these  eyes,  on  each  side,  is  a  large  breathing-hole  capable  of 
holding  an  apple  of  ordinary  size.  Within  these  holes  the  leaves  of  the  gills  lie  hidden. 
On  the  lower  side  at  the  [hinder]  end  of  the  head  are  five  oblong  incisions. 

The  whole  upper  surface  of  the  body  is  of  a  steel  (Jerreus)  color  with  white  spots  the 
size  of  a  nummus  misnicus  scattered  over  it,  while  the  under  part  is  entirely  white.  The 
skin  is  everywhere  smooth  and  without  scales. 

The  length  of  the  body  from  the  end  of  the  snout  to  the  root  of  the  tail  is  iH  feet; 
the  width  between  the  extremities  of  the  triangular  wings  is  3  feet  10  inches.  The  length 
of  the  fins  near  the  tail  is  7  inches,  the  width  4.     The  length  of  the  head  is  10  inches,  the 
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width  7,  and  it  is  1 3^  feet  thick.  The  tail  is  4  feet  3  inches  long  and  its  thickness  at  the 
beginning  is  5  inches,  but  it  gradually  becomes  thinner.  A  little  behind  the  beginning  of 
the  tail,  there  is  a  small,  short  fin,  a  little  more  than  an  inch  long;  and  just  behind  this, 
standing  erect,  are  two  little  hooks,  curved  like  fish-hooks  and  3  inches  long.  Its  flesh  has 
a  good  flavor  and  is  sufficient  to  feed  40  men. 

This  description  needs  little  or  no  comment  here.  It  is  excellent  and 
would  enable  one  to  identify  the  fish  to-day.  The  statement  that  the  head 
of  the  ray  is  i  J^  feet  thick,  is,  inasmuch  as  the  length  of  the  animal  is  only 
18  inches,  evidently  an  error  (either  editorial  or  typographical,  since  the 
work  w£is  published  four  years  after  Marcgrave's  death).  So,  likewise,  is 
the  statement  that  the  tail  is  5  inches  thick  at  the  root. 

Text-figure  i  is  Marcgrave's  wood-cut  made  from  the  oil  painting  in  the 
collection  referred  to.  The  figure  in  Marcgrave's  text  has  been  colored  by 
hand  in  one  copy  of  the  work  found  in  the  Library  of  Congress,  but  in  the 
other  copy,  as  in  that  owned  by  the  Bureau  of  Fisheries  and  in  the  copy 
belonging  to  the  present  writer,  the  figures  are  uncolored.  The  upper 
surface  in  the  colored  figure  is  a  dark  steel-blue  (Jerreus  Marcgrave  calls  it) 
dotted  with  white  or  bluish-white  spots.  Attention  should  here  be  called 
to  the  discrepancy  between  the  description  and  the  figure  in  the  matter 
of  spines.  The  former  has  them  curved  like  fish-hooks,  but  the  figure  has 
them  straight,  with  one  large  barb  on  each.  As  a  matter  of  fact,  they  are 
of  the  ordinary  ray  type,  straight,  flat,  and  multibarbed  on  the  edges. 

Figure  3,  plate  11,  is  a  photograph  of  the  water-color  painting  to  which 
reference  has  been  made.  When  it  is  recalled  that  this  painting  was  made 
some  275  years  ago,  on  the  wild  and  inhospitable  coast  of  Brazil,  one  hardly 
knows  whether  to  marvel  most  at  the  accuracy  of  the  work  or  the  excellency 
of  its  preservation.  If  this  figure  be  compared  with  text-figure  i,  it  will 
be  seen  how  poorly  the  wood  engraver  has  copied  the  original  painting. 
Concerning  these  figures,  see  Gudger  (1912,  pages  265-272).*  The  marginal 
notes  on  the  original  painting  are  presumably  those  of  Count  Johann  Moritz. 
Figure  4,  plate  11,  is  a  photograph  of  the  oil  painting  in  the  larger  collection 
described  above.  The  deficiencies  of  this  latter  figure,  when  compared 
with  the  former  or  with  my  photograph  (fig.  i,  plate  i),  are  so  marked  as  to 
call  for  no  comment  here. 

The  older  writers  seem  to  have  contented  themselves  with  merely  quoting 
Marcgrave  and  copying  his  figures.  So  did  Piso  himself,  in  his  folio  volume 
entitled  "De  Indiae  Utriusque  re  Naturali  et  Medica,"  etc.,  Amsterdam, 
1658,  though  he  abridged  Marcgrave's  original  description  somewhat. 
However,  he  does  one  good  deed  in  giving  us  a  clue  to  the  meaning  of  the 
Brazilian  word  Narinari.  He  tells  us  that  the  tail  is  armed  with  two  stings 
"approaching  in  form  the  figure  of  an  arrowhead,  and  therefore  these  fishes 
are  properly  called  by  us  Pylstaert,  and  by  the  Brazilians  Narinari.**  Now 
since  the  Dutch  word  Pylstaert  means  both  a  water  bird  and  a  sting  ray, 
we  might  think  that  the  allusion  was  either  to  the  wing-like  pectorals  or  to 

1  For  these  photographs  and  for  much  information  about  these  drawings,  I  am  indebted  to  the  courtesy 
of  Dr.  Perlbach,  of  the  Royal  Library  of  Berlin. 
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the  spined  tail,  had  not  Piso  made  it  clear  that  the  latter  is  meant.  It  seems 
then  that  the  word  Narinari  means  sting  ray  (see  Martins,  i867).| 

Willughby,  in  his  "De  Historia  Piscium,"  published  after  his  death  by 
Ray  at  Oxford  in  1686,  reproduces  both  figure  and  text  with  great  exactness. 
The  fish,  however,  is  represented  as  if  it  were  lying  on  its  left  and  were  drawn 
from  the  right  side.    The  description  and  figure  are  credited  to  Marcgrave. 

The  next  reference  to  this  interesting  fish  is  to  be  found  in  Jonston's 
"Historiae  Naturalis  de  Piscibus  et  Cetis."  This  work  passed  through 
several  editions.  The  first,  according  to  Walbaum,  was  published  at 
Frankfort  in  1649.  Three  editions  are  dated  at  Amsterdam  in  1657,  1660, 
and  1 71 8.  In  the  Latin  version  in  the  Library  of  Congress,  bearing  date  of 
1767,  Jonston  reproduces  Marcgrave's  figure,  but  reverses  right  and  left  sides, 
as  does  Willughby,  and  takes  out  some  of  the  crudities  of  the  drawing,  and 
quotes  Marcgrave's  description  almost  verbatim,  giving  him  credit. 

Henry  Ruysch,  in  1718,  published  his  "Theatrum  Universale  Omnium 
Animalium,  Piscium,"  etc.,  which  seems  to  be  a  compilation  of  the  works  of 
various  writers  from  Aristotle  to  Marcgrave  and  Jonston,  but  mainly  of  the 
latter.  Ruysch  has  rearranged  Marcgrave'o  description  and  figures,  prob- 
ably following  Jonston  therein.  He  has  copied  Marcgrave's  description  of 
Narinari  in  the  minutest  detail,  but  without  a  word  of  reference  or  acknow- 
ledgment. He  reproduces  Marcgrave's  figure,  but  has  improved  it,  espe- 
cially in  the  shading. 

In  1697  Hans  Sloane  figured  and  described  in  volume  xix  of  the  ''Phi- 
losophical Transactions"  the  jaws  of  a  Pastinaca  marina  from  Jamaica, 
which  he  says  is  identical  with  Marcgrave's  Narinari.  In  his  brief  descrip- 
tion of  the  fish  he  says  that  it  is  "smooth,  blue;  covered  with  white  spots." 
Later  (1725),  in  volume  11  of  his  Natural  History  of  Jamaica,  he  describes 
this  fish  more  fully. 

This  [whip  ray]  was  about  two  foot  over  from  comer  to  corner,  and  all  blue  even  the 
flesh  itself  with  white  spots  on  it,  the  under  side  or  Belly  was  white,  as  in  others  of  this 
kind,  the  tail  was  six  foot  long,  black,  small  and  smooth,  of  which  are  made  whips,  whence 
the  name  Whip-Ray,  beyond  the  Pinna  at  the  end  of  the  body  or  in  the  b^^ning  of  the 
tail  lie  one,  two  or  three  inch  and  a  half  long  flat  streight  bones  or  Radij ;  they  are  white, 
serrated  with  Teeth  on  both  Sides  like  a  saw,  made  so  as  an  arrow  that's  barbed,  to  enter 
the  flesh  easily  but  not  to  come  out  without  tearing  it,  they  lie  one  on  another  on  the  upper 
part  of  the  tail,  where  there  is  a  hollow  or  cavity  made  to  receive  them  like  a  sheath,  that 
they  may  swim  with  less  Impediment  and  only  use  them  on  Occasion. 

It  is  probable  that  Patrick  Browne,  in  his  "Civil  and  Natural  History 
of  Jamaica**  (1756),  refers  to  our  ray  when,  on  page  459,  he  describes  a 
whip-ray  thus:  "Middle  parts  bluish  mixed,  tongue  long,  with  a  barbed 
spine  on  the  finned  tail."  Ray  (1713),  who  it  will  be  remembered  edited 
Willughby's  manuscript,  in  his  "Synopsis  Methodica^iscium,"  quotes  Sloane 
and  Marcgrave,  but  adds  nothing  new  concerning  our  ray. 

I  find  no  other  reference  to  A'etobatus  narinari  until  1790.  Excepting 
Abbeville,  Marcgrave,  and  Sloane,  and  possibly  Piso,  none  of  the  older 
writers  above  quoted  seems  to  have  ever  seen  the  fish;  they  were  all  com- 
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pilers.  However,  in  the  above-named  year,  a  Swede,  Bengt  Anders  Eu- 
phrasen,  described  and  figured  a  specimen  of  this  ray  which  had  been  taken 
at  the  island  of  St.  Bartholomew,  one  of  the  West  Indies  at  that  time  be- 
longing to  Sweden.  He  calls  this  fish  Raja  narinari,  thus  fixing  the  specific 
name.  He  refers  to  Willughby,  whose  description  and  figure  he  criticizes, 
seemingly  in  ignorance  of  Marcgrave,  from  whom  Willughby  copied  both 
figure  and  description. 

Euphrasen's  figure,  which  was  drawn  in  Sweden  from  a  preserved 
specimen,  is  herewith  reproduced  (fig.  5,  plate  in),  but  modified  slightly 
in  one  unesbential  detail.  In  the  original  figure,  the  long  tail  hangs  down 
straight  save  for  a  fish-hook-like  curve  at  the  tip;  in  the  reproduction,  for 
the  sake  of  economy  in  space,  it  is  curled  to  the  left  as  shown;  the  length, 
however,  i^  correct.    Euphrasen  describes  his  specimen  as  follows: 

Head  prominent,  compressed,  in  form  like  a  toad's,  on  top  2  pits  placed  transversely. 
Mouth  ventral  as  in  its  kind,  transverse,  teeth  few  and  closely  crowded.  Eyes  lateral,  of 
medium  size  when  compared  with  the  head.  Ears  (aures)  above  the  neck,  or  at  the  base  of 
the  head,  with  apertures  round,  and  a  little  larger  than  the  eyes.  Spiracles  5,  under  the 
throat  on  both  sides  as  in  its  kind. 

Body  flat,  very  broad,  ending  laterally  in  acute  angles,  the  margin  feathered  {pinnis). 
Above  brown*  (blue)  with  round  white  spots,  in  diameter  about  the  size  of  the  thumb, 
scattered  about;  beneath  white.  Anal  fins  one  on  each  side  at  the  base  of  the  long  tail, 
reaching  to  the  base  of  the  spine  on  the  anterior  part  of  the  tail.  Dorsal  fin  small,  sub- 
triangular,  situated  on  the  base  of  the  tail.  Spines  3,  oblique,  dorsally  placed  behind  the 
fin,  compressed,  retrorsally  barbed,  the  posterior  double  the  length  of  the  anterior.  Tail 
whiplash-like,  compressed,  attenuate  from  base  to  apex,  without  fin,  3  times  longer  than  body. 

In  Walbaum's  edition  of  Artedi's  "Bibliotheca  Ichthyologica,"  part  iii 
(1792),  the  former  quotes  the  name  Raja  narinari  from  Euphrasen's  paper 
above  named,  refers  to  Willughby  and  Marcgrave,  and  gives  this  brief 
description :  "  Body  smooth,  steel  colored  above,  with  numerous  white  spots." 

About  this  time,  i.  e.,  the  dose  of  the  seventeenth  and  the  b^;inning  of 
the  eighteenth  century,  a  number  of  ichthyologists  include  narinari  in 
their  lists  of  rays  without  adding  anything  to  our  knowledge  of  the  fish 
and  some  of  them  fall  into  the  grievous  error  of  applying  the  name  to  rays 
which  are  not  even  eagle  rays  much  lessAStobatids.  Bloch  in  volume  in  of 
his  **Ichthyologie"  (1786)  appends  the  name  narinari  to  an  ordinary  sting 
ray  with  a  long  tail,  and  which  he  expressly  states  has  many  rows  of  teeth 
in  its  jaws.    Other  cases  might  be  cited,  but  to  no  purpose. 

In  the  closing  years  of  his  life,  Bloch  had  outlined  and  made  some  progress 
on  a  great  ichthyological  synopsis  after  the  plan  of  Linnaeus's  "Systema 
Naturae."  After  his  death,  this  important  work  was  brought  to  completion 
by  J.  G.  Schneider  (Bloch  and  Schneider,  1801).  Beginning  on  page  361 
we  find  the  description  of  Raja  narinari.  This  I  believe  to  be  the  work*of 
Schneider  for  two  reasons;  first  because  in  Bloch's  other  works  there  is 
nowhere  found  any  description  of  A.  narinari,  and  in  the  second  place 
because  the  account  under  discussion  is  written  in  the  first  person. 

>  Euphrasen  uaes  the  word  cfulybtum  from  chalybs,  meaning  steel  or  iron,  but  aa  his  figure  is  a  sepia* 
brown  it  may  be  tliat  the  color  of  his  fish  was  brown. 
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The  description  of  this  ray  is  interesting  not  because  it  contains  any- 
thing new  or  unusual  or  erroneous,  but  because  it  is  a  curious  jumble  of 
Marcgrave,  Willughby,  Euphrasen,  J.  R.  Foster  (ms.  "  Descriptiones  Ani- 
malium")»  Prince  Maurice  of  Nassau,  and  Hans  Sloane  ("History  of 
Jamaica").  However,  Schneider  examined  several  "Swedish  specimens," 
and  among  them  probably  Euphrasen's,  while  he  also  had  several  sets  of 
jaws  and  a  dried  specimen  cut  in  half. 

Omitting  those  parts  of  Schneider's  description,  which  will  be  taken  up 
in  the  special  sections,  his  general  account  is  now  given.  He  says  that  the 
head  is  compressed  and  prominent;  above  the  apex  there  may  be  noted 
holes  (spiracles)  placed  transversely;  the  mouth  is  inferior  and  is  filled  with  a 
few  teeth  crowded  together;  the  laterally  placed  eyes  are  of  medium  size 
in  round  orbits  but  little  larger  than  themselves;  the  body  is  broad  and  flat, 
the  lateral  angles  are  acute,  the  emarginate  fins  are  steel-colored  above  with 
round  white  spots  the  size  of  the  thumb,  and  the  tail  is  three  times  longer 
than  the  body.  Its  habitat  is  given  as  the  American  Ocean,  especially 
around  the  Caribbean  Islands. 

In  1803,  the  East  India  Company  published  in  London,  in  two  sumptuous 
volumes,  "Descriptions  and  Figures  of  Two  Hundred  Fishes  Collected  at 
Vizagatapam  on  the  Coast  of  Coromandel"  by  Patrick  Russell,  a  physician 
in  its  employ.  On  page  5,  there  is  described  a  ray  called  by  the  natives 
eel  tenkee  and  by  Russell  the  ocellated  raja.  Figure  6,  plate  iii,  is  a  repro- 
duction of  plate  VIII  of  the  above  work,  showing  this  fish.  That  this  is 
Aitobatus  narinarif  inspection  of  the  figure  and  study  of  the  description 
make  clear.  The  general  outline  of  the  fish,  the  pointed  pectorals  with 
fimbriated  hinder  edges,  the  white  spots  profusely  covering  the  body  back 
of  the  shoulder  region,  the  projecting  head  with  its  pointed  snout,  the  relative 
position  of  the  eyes  and  spiracles,  the  rounded  ventrals  with  the  dorsal 
placed  well  between  them  on  the  root  of  the  tail,  all  spell  narinari.  When 
one  reads  that  the  tail  is  long  and  whip-like,  and  that  the  jaws  are  dissimilar, 
"the  lower  arched,  narrow,  and  projecting  beyond  the  wider  immovable 
upper  jaw,"  one  is  quite  sure  that  it  is  narinari  despite  the  absence  of  spots 
on  the  anterior  dorsal  region  and  the  fact  that  both  jaws  are  described  as 
devoid  of  teeth.    These  points  will  be  considered  later. 

Blainville,  in  the  Journal  de  Physique,  tome  83,  for  1816,  has  a  systematic 
paper  in  which  he  establishes  the  genus  Aetobatus,  assigns  the  generic 
characters,  and  notes  ten  species,  of  which  narinari  is  one.  Later,  Blain- 
ville (1828)  changed  the  generic  name  to  Aetobatis,  though  a  careful  search 
through  his  paper  fails  to  reveal  any  reason  therefor.  His  characters  for 
the  genus  are  as  follows: 

Body  together  with  the  pectoral  fins  in  the  shape  of  a  bird  with  extended  wings;  head 
free  and  provided  with  a  simple  appendage  in  front;  eyes  lateral;  teeth  large,  smooth, 
polygonal,  united  into  two  plates,  one  lingual,  the  other  palatine;  pectoral  fins  pointed, 
anterior  border  convex,  posterior  concave;  pelvic  fins  as  in  the  sting  rays,  only  one  fin 
above  on  the  root  of  a  tail  often  very  long,  flagellate,  armed  with  one  or  two  spines. 
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This,  it  should  be  noted,  is  a  statement  of  the  characters  of  the  genus 
only;  narinari  is  not  named  and  no  specific  description  is  given  save  for 
Raja  aquila  of  European  waters. 

In  the  celebrated  voyage  around  the  world  of  the  corvette  Uranie,  a 
spotted  sting  ray  was  taken  at  Guam.  The  zoology  of  this  voyage  was 
written  up  by  Quoy  and  Gaimard  (1824) ,  the  ship's  surgeons.  They  described 
their  ray  as  having  an  elongated  snout,  while  its  general  color  was  a  light 
brown  sprinkled  with  round  spots  of  cerulean  blue,  and  its  tail  was  armed 
with  five  very  long,  barbed  spines.  Their  description  is  very  imperfect 
and  their  drawing  "made  on  the  spot"  was  lost.  They  were  much  im- 
pressed by  the  fact  that  this  ray  had  five  spines  on  the  tail  and  refer  to  it  as 
such  an  extraordinary  matter  as  to  make  the  tail  worthy  of  deposit  in  the 
Museum  (of  Paris?),  and  from  this  phenomenon  gave  to  the  ray  the  name 
Raja  guingueaculata,  the  5-spined  ray.  A  photographic  reproduction  of 
their  fine  figure  of  the  spines  is  given  in  figure  7,  plate  iv,  of  this  paper. 
Below  in  the  same  figure  is  a  photograph  of  a  portion  of  the  tail  with  four 
stings  of  A.  narinari  from  Beaufort.  In  the  section  dealing  with  the  tail 
and  its  spines,  a  careful  comparison  of  the  two  tails  will  be  made. 

In  1835,  Ruppell  describ«l  an  eagle  ray  from  the  Red  Sea  under  the 
name  Myliobatis  eeUenkee.  However,  he  has  doubts  about  the  identity, 
for  he  says  that  he  is  not  able  to  say  whether  it  is  different  from  Linne's 
"form  called  Raja  narinari  after  Mar<^rave*s  description."^  In  his  syn- 
onymy, Ruppell  says  his  fish  is  identical  with  Russell's  eel  tenkee  which 
Gunther  says,  and  which  we  have  just  seen,  is  Aitobatis  narinari.  That 
it  is  i4.  narinari  can  not  be  doubted  when  one  reads  of  the  long,  pointed 
pectorals  with  fine  notchings  on  the  posterior  edges  (found  on  the 
ventrals  also)  the  white  spots  covering  the  dorsal  surface;  the  elevated 
head  with  lateral  eyes;  the  long,  pointed  snout,  and  the  mouth  with  its 
teeth  in  a  single  row  in  each  jaw,  the  lower  being  angled  outwardly.  Some 
doubtful  points  are  seven  teeth  only  in  each  jaw  (these  will  be  considered 
at  length  later),  the  dark  olive  color  above,  and  the  flabelliform  tail. 

Despite  the  fact  that  Swainson  (1838-1839)  spent  some  months  on  the 
northern  coast  of  Brazil  in  1816-1817,  there  is  no  evidence  that  he  ever  saw 
our  ray.  He  quotes  Russell,  and  also  Miiller  and  Henle,  whose  great  work 
was  then  appearing  in  parts,  but  adds  nothing  to  our  knowledge. 

In  1 841  the  celebrated  Johannes  Mtiller,  with  the  cooperation  of  Jacob 
Henle,  published  at  Berlin  in  folio  their  "Systematische  Beschreibung  der 
Plagiostomen."  In  it  they  definitely  established  the  form  A'itobatis  nari- 
nari based  upon  the  examination  of  twelve  specimens  from  Brazil,  the 
Indies,  and  the  Red  Sea,  six  being  in  alcohol  and  six  dry.  The  congeneric 
Raja  jlagettum  of  Bloch  and  Schneider,  which  it  must  be  remembered  is 
declared  to  be  identical  with  A.  narinari  by  Gtinther  and  by  Jordan  and 
Evermann,  is  based  on  the  examination  of  19  specimens  and  one  head. 

>  In  none  of  the  several  editions  of  Linne's  "Systema  Naturae/'  which  I  have  examined,  is  tliere  any  record 
dtnannoH, 
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They  describe  the  upper  surfaces  of  their  specimens  of  A.  narinari  as  brown 
with  round,  white,  regularly  scattered  spots  which  are  lacking  only  on  the 
head,  and  add  that  the  number  of  the  spots  is  often  small.  Both  my 
photographs  and  Dum^ril's  figure  (reproduced  as  fig.  8,  plate  iv,  of  this 
paper  and  referred  to  elsewhere),  show  that  the  head  does  not  lack  for  spots 
and  that  the  number  on  the  body  is  great.  Curiously  enough,  however, 
Jordan  and  Evermann's  figure  (text-fig.  3)  shows  very  few  spots  in  the 
cephalic  region.  The  fish  from  which  it  was  drawn,  however,  like  the  twelve 
examined  by  Miiller  and  Henle,  was  a  preserved  specimen. 

In  the  years  1772-1774,  Johann  Rheinold  Forster  collected  fishes  in  the 
southern  seas  and  later  described  his  collection.     His  manuscript,  however, 
remained  unpublished,  though  noted  by  Bloch  and  Schneider  (1801),  until 
it  was  edited  by  Lichtenstein  and  published  at  Berlin  in  1844.    He  collected 
both  in  Brazilian  waters  and  in  the  South  Pacific,  and  described  and  figured 
a  fish  which  he  called  Raja  edentula,  but  which  is  easily  recognizable  as 
Aetobatus  narinari.    According  to  his  description,  this  ray  is  lead  or  steel 
colored  above  with  many  round  white  spots,  white  below,  and  everywhere 
smooth  and  bare;  the  head,  slenderer  than  the  body,  terminates  in  a  tri- 
angular blunt  snout,  cartilaginous  in  structure,  and  having  the  edges  rolled 
up.    The  mouth  is  typically  that  of  narinari;  the  crescent-shaped  lower 
teeth  form  a  spatula  projecting  beyond  the  shorter  and  broader  upper  jaw. 
The  eyes  are  lateral,  prominent,  and  rather  far  back  and  have  vertical 
pupils.^    Behind  the  eyes  are  the  spiracles,  connected  with  each  other  and 
with  the  mouth.    The  tail  is  three  times  as  long  as  the  body,  slender,  cylin- 
drical ,  pinnate  (dorsal  ?) ,  black,  and  armed  with  two  serrate  spines.    Pectoral 
and  ventral  fins  are  crenate  behind.    This  is  an  admirable  description  of  A. 
narinari,  but  unfortunately  accompanied  by  no  figure.    Lichtenstein  does 
not  state  why  the  figures,  made  to  accompany  the  text,  were  not  published. 

Cantor,  in  his  "Catalogue  of  Malayan  Fishes  "  (1849),  describes  an  East 
Indian  Ray,  Stoa^odon  narinari,  which  seems  to  be  identical  with  our  ray. 
His  description  need  not  detain  us  here  longer  than  to  note  that  his  fish  is 
greenish-olive  or  greenish-gray  above,  while  the  greenish-white  spots  edged 
with  black  are  found  on  all  parts  of  the  dorsum  save  the  head  and  anterior 
margin  of  the  pectorals.    These  points  will  be  taken  up  later. 

Bleeker  (1852)  declares  that  A,  narinari  is  common  throughout  the 
East  Indies.  His  description  of  this  fish  does  not  differ  from  that  given 
by  other  authors  save  as  to  the  color  of  the  body  and  the  structure  of  the 
jaws,  consideration  of  which  points  will  be  entered  into  later.  Although 
he  gives  no  figure  of  his  fish  it  is  undoubtedly  A.  narinari. 

The  most  elegant  figure  of  an  eagle  ray  that  has  ever  been  published  is 
that  of  August  Dum^ril  found  in  tome  10  of  the  "Archives  du  Museum 
d'Histoire  Naturelle"  for  1858-61.  Figure  8,  plate  iv,  is  a  photographic 
reproduction  of  plate  20  from  the  above  volume.  i4  is  i4.  latirostris  from 
the  region  of  the  Gaboon  (river),  B  (lower  left  comer)  is  a  head  of  A.  nari- 

1  This  is  the  earliest  note  made  of  this  peculiarity. 
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narif  C  (lower  right  comer)  is  A.fouet,  (A.flagellum?).  One  observes  at 
once  the  larger  spots  of  A.  laUrostris^  and  the  fact  that  they  are  few  in  the 
cephalic  region  and  rather  widely  scattered  over  the  other  parts  of  the  body, 
while  in  A.  narinari  they  are  much  smaller,  thickly  scattered,  so  much  so 
on  the  head  as  to  appear  concentrated.  Worthy  of  note  is  the  fact  that 
the  congeneric  form  A.  fauet  is  entirely  devoid  of  spots.  These  differences 
will  be  discussed  further  in  the  section  dealing  with  the  species. 

In  1865,  Day  in  his  "Fishes  of  Malabar"  and  Dum6ril  in  his  "Histoire 
Naturelle  des  Poissons"  both  described  Aitobatis  narinari,  but  as  the  dis- 
tinctive points  in  their  description  have  to  do  with  the  color  and  with  the 
structure  of  the  jaws,  both  of  which  subjects  will  be  discussed  fully  later, 
and  as  neither  published  plates,  further  attention  will  not  be  given  them  here. 

In  the  eighth  volume  of  his  "  Catalogue  of  Fishes  in  the  British  Museum," 
Giinther  (1870)  gives  a  description  of  Aitobatis  narinari,  which,  since  it  is 
based  on  a  careful  examination  of  no  less  than  ten  specimens  (mainly  from 
oriental  waters),  is  possibly  the  most  authoritative  we  have  had  since 
Miiller  and  Henle.  In  general  he  agrees  with  the  writers  cited  above,  but 
gives  some  interesting  variations  in  color  and  teeth  which  will  be  considered 
at  some  length  later. 

Klunzinger  (1871)  gives  a  very  careful  and  exact  description  of  Aetobatis 
narinari  from  the  Red  Sea.  This  does  not  differ  materially  from  Ruppell's 
earlier  account  (1835),  but  goes  into  much  greater  detail.  It  is  interesting 
to  note  that  both  writers  record  the  fact  that  the  spiracle  is  broader  than 
long;  Ruppell  says  that  it  is  pear-shaped.  The  points  of  chief  interest  in 
Klunzinger's  description  have  to  do  with  teeth,  tail  and  spine,  and  color,  all 
of  which  will  be  dealt  with  later  in  their  appropriate  sections. 

Day  (1878),  in  his  "Fishes  of  India,"  gives  a  description  of  Aiiobatis 
narinari  based  evidently  upon  a  number  of  specimens  from  Indian  waters. 
These,  however,  were  probably  pre- 
served specimens,  since  he  speaks 
of  the  tail  as  triangular  as  far  as 
the  spine  and  compressed  beyond 
that,  structures  much  plainer  in 
preserved  than  in  fresh  specimens. 
His  figure  was  certainly  made  from 
a  preserved  fish,  since  it  is  much 
shrunken  in  the  head  region.  The 
spine  is  disproportionally  large  and 
the  dorsum  is  entirely  devoid  of 
spots  despite  the  fact  that  in  his 
description  the  body  is  noted  as 

covered  behind  the  head  with  dirty  t,  a        -      -    c.    r>      t.       00 

,  .  ,  ,   .  ,  «,,  .      ^       Text-fig.  2.-^4.  nan «ari,  after  Gunther,  1880. 

white  or  bluish  spots.    This  fig- 
ure is  hardly  to  be  recognized  as  A.  narinari  and  it  has  not  seemed  neces- 
sary to  reproduce  it  here. 


Digitized  by 


Google 


254  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

In  1880,  Gunther  published  his  "Introduction  to  the  Study  of  Fishes," 
but  therein  adds  little  to  our  knowledge  of  this  ray.  His  figure  (text-fig.  2) 
is  a  mere  outline  drawing,  but  is  one  of  the  best  for  general  appearance  which 
we  have.  Judged  by  my  specimens,  the  ventrals  are  too  long  and  too 
rounded,  the  spine  too  large,  the  depression  over  the  brain  too  accentuated, 
while  the  absence  of  spots  from  the  anterior  part  of  the  body  is  especially 
noticeable.  The  snout  is  good  and  the  eyes,  it  should  be  noted,  are  almost 
invisible,  as  in  the  living  fish.  The  same  figure  is  given  in  this  author's 
(1886)  article  on  Rays  in  the  ninth  edition  of  the  Encyclopaedia  Britannica. 

After  giving  the  general  characters  of  the  family  Myliobalidce  and  of  the 
genus  Aetobatus,  Jordan  and  Evermann,  in  their  great  work  "The  Fishes  of 
North  and  Middle  America"  (1896),  thus  describe  AlUobcUus  narinari: 

Disk  twice  as  broad  as  long,  its  anterior  borders  a  little  convex,  posterior  concave, 
outer  angles  pointed.  Cephalic  fin  about  one-third  broader  than  long.  Teeth  of  lower  jaw 
straight  or  more  or  less  angularly  bent.  Tail  three  or  four  times  leng^  of  disk.  Brown 
with  small  round  pale  spots  (Dum^ril).  Tropical  seas,  north  on  the  Atlantic  coast  to 
Virginia:  not  very  common  on  our  shores.    Narinari,  a  Brazilian  name. 

Their  figures,  both  dorsal  and  ventral,  are  herein  reproduced  as  text- 
figures  3  and  4.  They  were  made  from  a  preserved  (alcoholic?)  specimen 
taken  near  Cedar  Keys,  Florida,  and  deposited  in  the  United  States  National 
Museum.  Beyond  calling  the  reader's  attention  to  the  parallel  dark  markings 
on  the  dorsum,  which  are  not  mentioned  in  the  text,  criticism  is  deferred 
until  later. 

The  writer  has  elsewhere  (Gudger,  1910)  published  measurements  and 
brief  descriptions  of  two  spotted  sting  rays  taken  at  Beaufort  in  1909, 
and  of  another  taken  at  an  earlier  date.  The  largest  of  the  three  (sex 
unknown)  was  taken  by  some  fishermen  in  the  deeper  part  of  the  outer 
harbor  in  September  1901.  Its  body  was  2  feet  2  inches  long  and  4  feet 
wide,  while  the  tail  was  4  feet  8  inches  long.  The  second,  a  female,  was 
taken  by  the  writer  in  a  seine  on  June  12,  1909,  at  the  Narrows  of  Newport 
River,  a  wide-mouthed  tidal  estuary  whose  lower  reaches  form  part  of 
Beaufort  Harbor.  When  just  out  of  the  water,  its  measurements  were  as 
follows:  length,  snout  to  the  tip  of  the  ventrals,  18  inches;  width  over 
pectorals  26  inches;  length  of  tail  40)/^  inches. 

The  third  specimen,  also  a  female,  was,  on  July  3,  1909,  brought  to  the 
Fisheries  Laboratory  by  Mr.  Russell  J.  Coles,  of  Danville,  Virginia.  A 
few  days  previously  he  had  caught  it  on  a  hook  in  the  Bight  of  Cape  Lookout, 
and  rightly  thinking  it  to  be  an  unusual  form,  had  preserved  it  in  a  tank  of 
formalin  loaned  him  by  the  laboratory  and  had  brought  it  in  for  identifica- 
tion. This  fish  was  23)/^  inches  wide  and  16  inches  long,  with  a  tail  meas- 
uring 353^  inches.  A  fourth  specimen,  of  the  same  sex  as  the  preceding, 
also  taken  at  Cape  Lookout  (in  1906),  is  recorded  in  the  card  catalogue  of 
fishes  at  the  Laboratory,  but  no  measurements  are  given. 

In  1910,  I  had  the  good  fortune  to  get  three  fine  specimens  of  this  fish, 
at  the  capture  of  two  of  which  I  was  present,  while  the  third  was  brought  to 
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me  some  30  minutes  after  death.  These  rays  have  been  previously  described 
(Gudger,  1912A),  but  their  measurements  will  be  given  here  and  their  mark- 
ings discussed  in  the  section  dealing  with  color  and  spots. 

No.  I,  a  female,  was  taken  about  half-way  between  the  laboratory  and 
the  Narrows  of  Newport  River.  It  was  28)^  inches  wide,  19  inches  long, 
with  a  33  inch  tail.  The  total  length  was  49  inches  and  its  weight  iij^ 
pounds.     It  had  two  spines. 

No.  2  was  a  male  taken  in  the  channel  connecting  the  inner  and  outer 
harbors.  Its  width  was  27^^  inches,  length  i8J^,  tail  39H»  total  length 
54 J^  inches.     It  had  two  spines. 

No.  3,  also  a  male,  was  taken  within  200  yards  of  the  hauling  ground 
where  No.  2  was  seined.  Its  width  was  37  inches;  length,  snout  to  ventrals, 
26 J^  inches,  tail  only  27 5^,  over  all  49^^  inches.  The  width  between  its 
eyes  was  5  inches,  the  longest  diameter  of  the  spiracle  was  1%  inches,  and 
its  weight  was  over  25  pounds — ^the  limit  of  my  spring  balance.  This  ray 
had  three  spines,  the  middle  one  of  which  was  torn  loose,  as  was  the  anterior 
spine  of  No.  2  above.  Its  tail  was  very  short,  far  too  short  in  proportion 
to  the  other  dimensions  if  the  fish  be  compared  to  a  normal  ray.  Whether 
or  not  this  abbreviation  was  the  result  of  an  accident,  can  not  be  said,  since 
there  was  nothing  to  indicate  the  cause.  Interesting  points  concerning 
the  color,  number,  size,  arrangement,  and  position  of  spots  of  this  ray  will 
be  taken  up  in  the  section  dealing  with  the  color.  This  specimen  was  the 
largest  and  finest  of  the  five  which  I  have  had  from  Beaufort  waters. 

Coles  (1910),  who  (as  noted  above)  had  furnished  me  with  a  fine 
specimen  early  in  July  1909,  had  the  good  fortune  to  take  more  than  fifty 
specimens  during  that  season.  During  July  191 1,  he  saw  nearly  as  many 
more  but  only  took  eight.  The  largest  of  these,  a  female  without  eggs  or 
embryos,  was  5%  feet  wide,  3  feet  long,  tail  5%  feet  long,  total  length  of 
body  S%  feet,  weight  132  pounds. 

In  the  summer  of  1912,  Mr.  Coles  captured  a  number  of  spotted  rays 
at  Cape  Lookout.  The  measurements  of  the  three  largest  are  as  follows: 
first  specimen,  a  female,  93^  feet  long  from  tip  of  snout  to  end  of  tail,  and 
7  feet  2  inches  wide;  the  second,  also  a  female,  was  12  feet  long  over  all, 
and  7  feet  7  inches  wide,  and  20  inches  thick  measured  on  a  lance  thrust 
through  the  body;  the  third,  a  male,  was  10  feet  long,  and  6  feet  11  inches 
wide.  It  is  to  be  regretted  that  measurements  of  the  body  proper  and  of 
tails  alone  were  not  made.  These  giant  rays  would  probably  have  weighed 
400  to  500  pounds  each.  Further  consideration  of  these  specimens  will  be 
taken  up  in  the  section  on  markings. 

The  specimens  taken  by  Coles  and  myself,  together  with  certain  obser- 
vations of  his  noted  elsewhere  (Coles,  1910),  indicate  that  these  rays  are 
far  more  abundant  in  the  Beaufort  region  than  I  had  previously  thought 
(Gudger  1910  and  1912A).  Their  relative  abundance  along  our  coasts  at 
certain  seasons  of  the  year  is  also  testified  to  by  various  fishermen  of  Beau- 
fort and  Morehead  City. 
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My  Florida  specimens  agree  in  general  characters  with  those  from 
North  Carolina.  The  largest  (and  the  largest  I  have  ever  seen)  measured 
as  follows:  width  5  feet  2  inches;  length  to  tip  of  ventrals  3  feet  8  inches; 
length  of  tail  only  6  feet  10  inches;  length  all  over,  9  feet  9  inches;  width 
between  eyes  8J^  inches,  between  spiracles  5}/^  inches;  weight  120  pounds. 
The  others  need  not  detain  us  here.  Their  measurements  are  given  in  the 
table  on  page  261.  Details  of  color  and  number  and  size  of  teeth,  etc.,  will 
be  taken  up  in  the  sections  dealing  with  these  structures.  It  may  be  re- 
marked in  passing  that  these  rays  seem  to  be  abundant  about  Key  West. 
Dr.  Mayer,  in  one  afternoon  in  May,  oflf  Slaughter-house  Point,  secured 
three  from  fishermen  using  the  grains.  At  the  same  place  a  month  later 
I  took  the  large  one  above  referred  to.  Dr.  Mayer's  specimens  were  pre- 
served in  a  rather  unique  way.  They  were  small  rays  and  this  made  it 
possible  to  suspend  them  in  a  can  at  the  ice  factory  in  Key  West  where  they 
were  frozen  solidly  in  a  300-pound  block  of  ice  to  await  my  coming  some 
weeks  later. 

Figure  i,  plate  i,  which  serves  as  a  frontispiece  to  this  paper  is  repro- 
duced from  a  photograph  of  my  specimen  No.  3  of  1910.  Figure  2,  plate  i, 
is  a  ventral  view  of  specimen  No.  2  of  1910,  while  figure  13,  plate  vi,  is  a 
lateral  view  of  Coles's  1909  specimen.  My  specimens  were  photographed 
while  perfectly  fresh,  in  fact  within  an  hour  after  being  taken.  The  speci- 
men from  which  the  lateral  view  was  made  had  been  in  formalin  for  a  few 
days,  but  so  far  as  could  be  told  was  quite  normal  in  all  respects. 

The  photographs  reproduced  in  figures  i  and  2,  plate  i,  were  made  as 
follows;  to  a  post  standing  just  before  the  largest  window  in  the  laboratory 
a  cross-piece  was  nailed;  over  this  was  hung  a  white  sheet  to  serve  as  a 
background;  in  front  of  this  the  fish  was  suspended  from  the  cross-piece 
by  a  cord  run  through  the  spiracles  and  their  inter-communicating  passage. 
The  ray  was  first  suspended  by  fish-hooks  caught  in  the  upper  gill-slits, 
but  as  the  very  considerable  weight  of  the  fish  caused  these  to  tear  the  flesh, 
as  shown  in  the  ventral  view,  they  were  discarded.  The  method  used  in 
getting  the  lateral  view  is  clear  from  the  figure.  The  fin  is  turned  up  to 
show  the  gill-slits. 

If  figure  I ,  plate  i,  be  compared  with  the  various  illustrations  reproduced 
in  this  article,  some  interesting  comparisons  may  be  drawn.  In  Marc- 
grave's  figure  (text-fig.  i),  it  will  be  seen  that  the  general  outlines  are  good, 
even  though  the  drawing  is  crude.  His  figure  is  drawn  from  a  "  quartering  " 
view,  i,  e.y  from  a  point  above,  but  about  45  degrees  to  the  left.  He  says 
that  the  whole  upper  part  is  of  a  steel  color  and  that  scattered  over  the 
whole  of  this  are  white  spots.  The  anterior  borders  of  the  pectorals  are  too 
convex,  the  posterior  edges  too  concave,  the  angles  too  acute.  The  snout  is  too 
blunt,  the  eyes  and  spiracles  too  high  on  the  head.  The  fore  and  aft  striations 
were  not  found  in  any  of  my  specimens  but  are  shown  in  Dum^ril's  figure 
(fig.  8,  plate  iv).  But  with  all  its  defects,  even  to  a  novice,  text-figure  i  is 
plainly  a  drawing  of  an  eagle  ray;  and  when  the  description  of  the  teeth  is 
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taken  into  account,  it  is  unmistakably  Aetobatus  narinari.  But  if  compar- 
ison is  made  with  Marcgrave's  original  figure,  the  water-color  drawing 
shown  in  figure  3,  plate  11,  the  excellence  of  the  latter  will  be  greatly 
emphasized. 

As  indicated  above,  the  older  writers  merely  copy  Marcgrave,  and  those 
who  do  not  do  worse,  for  quite  a  number  of  them,  notably  Bloch,  apply  the 
name  narinari  to  rays  which  are  not  only  not  AStobatids  but  in  some  cases 
not  even  Myliobatids.  It  will  be  remembered  that  Euphrasen  declared  his 
figure  of  the  spotted  sting  ray  to  be  much  superior  to  Willughby's,  which  is 
merely  Marc^ave's  figure  redrawn  and  somewhat  touched  up.  But  if  the 
figure  in  question  (fig.  5,  plate  iii)  be  compared  with  my  photograph  or 
Dum^ril'g  drawing  of  Aetobatus  narinari  ov  Marcgrave's  water-color  drawing, 
some  extremely  grave  faults  will  be  revealed. 

In  figure  5,  plate  iii,  body,  head,  and  pectorals  seem  to  be  on  a  level. 
Both  the  anterior  and  posterior  edges  of  the  wings  are  too  flat  in  outline, 
while  the  ventral  fins  are  shown  as  bifurcated  backward  prolongations  of  the 
body.  Inspection  of  figure  i,  plate  i,  shows  them  to  be  short  and  clearly 
marked  oflf  from  the  body.  The  dorsal  fin  is  too  long  and  is  wrongly  inserted. 
Figure  i,  plate  i,  does  not  show  it  clearly,  but  text-figure  3  (from  Jordan  and 
Evermann)  shows  both  size  and  position  properly.  Where  Euphrasen  got  the 
fringed  edges  of  the  pectoral  and  ventral  fins  is  inexplicable.  It  is,  however, 
probable  that  his  figure  was  drawn  from  a  much  shrunken,  dried  or  preserved 
specimen  in  which  the  fin  rays  were  very  prominent;  but  even  that  would 
not  account  for  their  extending  beyond  the  substance  of  the  body  proper. 
Inspection  of  figure  i,  plate  i,  shows  that  the  fins  in  question  possess  slightly 
notched  edges  but  nothing  more.  Attention  is  also  called  to  the  exag- 
gerated size  of  the  spots,  to  their  relatively  small  number,  and  to  the  fact 
that  there  are  practically  none  on  the  head ;  also  to  the  position  of  the  spir- 
acles and  eyes,  which  are  dorsal  instead  of  lateral,  the  eyes  in  the  fresh 
specimen  not  being  visible  from  above.  Further  the  snout  is  too  short, 
too  narrow,  and  too  much  on  a  level  with  the  main  part  of  the  head. 

Russell's  (1803)  Eel  Tenkee  (fig.  6,  plate  iii)  is  a  good  drawing  with 
some  rather  apparent  defects  from  the  standpoint  of  my  specimens.  The 
body  is  too  flat,  and  the  head  especially  so;  the  anterior  parts  lack  spots, 
and  the  eyes  are  too  prominent;  posteriorly  the  line  of  demarcation  between 
pectorals  and  ventrals  is  continued  too  far  forward.  However,  the  crenate 
posterior  edges  of  the  fins  are  correctly  shown.  This  drawing  was  made  by 
a  native  artist,  but  Russell  especially  vouches  for  the  accuracy  of  the  details. 

Dum^ril's  elegant  figures  (fig.  8,  plate  iv)  have  already  been  referred 
to  on  page  252.  For  the  reasons  noted  elsewhere  it  seems  to  me  that  i4, 
Aetobatus  latirostris  is  not  (as  Gunther  asserts)  A.  narinari ,  but  that  B 
(lower  left  head)  is  narinari.  The  drawing  was  evidently  made  from  a 
preserved  specimen,  in  which  by  drying  or  hardening  the  flesh  had  sunk 
over  the  anterior  fontanelle  of  the  skull.  The  position  of  the  spiracles  is 
for  the  same  reason  somewhat  distorted. 
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Gunther*s  excellent  little  outline  drawing  (text-fig.  2)  has  been  previously 
referred  to  and  need  detain  us  but  a  moment.  One's  attention  is  forcibly 
called  to  the  absence  of  spots  on  the  anterior  parts,  to  the  elongated  and 
very  rounded  ventrals,  and  to  the  exaggerated  spine.  The  dorsal  fin  and 
head  are  well  drawn,  the  eyes  being  almost  invisible,  but  the  spiracles  are 
placed  rather  too  near  the  mid-dorsal  line. 


Text-fig.  3. — A.  narinari,  dorsal  view,  after  Jordan  and  Evermann  (1900),  Florida. 

The  only  other  figures  of  this  fish  (and  the  only  drawing  of  the  ventral 
surface  known  prior  to  1913)  are  those  previously  referred  to  from  Jordan 
and  Evermann's  "Fishes  of  North  and  Middle  America,"  and  widely  repro- 
duced in  various  papers  by  one  or  the  other  of  these  ichthyologists,  or  by 
other  American  writers,  some  of  whose  papers  will  be  referred  to  later. 
If  text-figure  3  (their  drawing)  be  compared  with  figure  i,  plate  i  (my  photo- 
graph), the  following  differences  are  observable:  the  pectorals  are  more 
sharply  pointed,  the  ventrals  more  widely  spread,  longer,  and  more  rounded 
than  in  my  specimens.  The  spots  are  larger  and  fewer  in  number  (especially 
on  the  head  and  the  edges  of  the  pectorals)  than  in  Beaufort  and  Key  West 
specimens.  The  most  striking  difference,  however,  is  to  be  found  in  the 
absence  from  the  latter  fish  of  the  dark,  roughly  parallel  lines,  which  extend 
from  the  dorsum  of  the  former  out  over  the  pectorals. 

I  have  elsewhere  recorded  (Gudger,  1910)  the  difficulties  I  had  in 
identifying  my  first  specimen  as  A.  narinari,  but  it  may  not  be  out  of  place 
to  repeat  them  here.  The  lines  above  referred  to  are  sometimes  present  in 
the  living  or  at  any  rate  in  the  freshly  killed  fish,  but  are  so  indistinct  as 
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to  be  found  only  after  close  search.  So  nearly  invisible  are  they  that  my 
first  specimen,  examined  while  alive  and  in  brilliant  sunshine,  showed  no 
traces  of  them.  Some  hours  later,  when  this  fish  was  brought  to  the  labor- 
atory and  compared  with  Jordan  and  Evermann's  figure,  despite  its  agree- 
ment with  the  characters  given  on  pp.  87  and  88  of  vol.  i  of  their  "Fishes  of 
North  and  Middle  America,"  I  thought  it  to  be  a  new  species;  and  it  was 
not  until  Mr.  Henry  D.  Aller,  director  of  the  Laboratory,  pointed  out  the 
very  faint  striations,  that  I  was  convinced  to  the  contrary.  It  is  significant 
that  Jordan  and  Evermann  make  no  reference  whatever  in  their  text  to  such 
lines.  The  photograph  (fig.  i,  plate  i),  made  from  my  fresh  fish,  shows  that 
they  are  too  indistinct  to  affect  a  sensitized  plate,  even  when  exposed  60 
seconds.  Attention  may  be  called  here  to  the  sharpness  of  focus  in  this 
photograph,  as  even  the  fin  rays  are  shown  with  marked  clearness. 

Although  the  question  of  the  presence  or  absence  of  lines  on  the  dorsum 
of  this  fish  will  be  taken  up  at  length  later,  it  does  not  seem  out  of  place 
here  to  refer  to  Abbeville's  (1614)  Narinnary  with  its  back  "all  striped  of 
black  and  white."  Save  for  De  Laet's  (1633)  quotation  of  Abbeville,  no 
writer  has  referred  to  these  stripes  until  Smith  (1907)  wrote:  "Color  above 
brown,  with  numerous  small,  round,  pale  spots,  and  transverse  dark  lines.'* 

With  reference  to  the  fins,  another  diflference  between  Jordan  and  Ever- 
mann's  figure  and  my  photograph  should  be  pointed  out.  In  the  former 
the  rays  at  the  angles  of  the  pectorals  and  on  their  hinder  edges  are  very 
prominent.  Since  the  drawing  is  from  an  alcoholic  specimen,  this  must  be 
due  to  the  macerating  action  of  the  alcohol.  In  the  photograph,  which  was 
made  from  a  fresh  specimen  (dead  an  hour),  such  rays  are  visible  only  in 
the  ventrals,  the  posterior  edges  of  the  pectorals  are  finely  scalloped,  as 
first  noted  by  Russell  (1803),  but  first  shown  in  the  painting  in  the  Royal 
Library  of  Berlin  and  here  reproduced  as  figure  3,  plate  11.  Since  particular 
attention  will  be  given  to  the  head  and  snout  in  the  section  bearing  that 
title,  nothing  more  will  be  done  here  than  to  call  attention  to  the  fact  that 
the  head  is  too  light  in  color  and  too  prominent.  The  spiracles  are  too 
marked,  the  eyes  are  too  prominent  and  placed  too  high  on  the  sides  of  the 
head,  while  the  snout  is  too  short  and  too  blunt. 

Figure  2,  plate  i,  is  a  photograph  of  the  ventral  surface  of  the  fish  pre- 
viously described,  and,  with  the  exception  of  Jordan  and  Evermann's  and 
Coles's  (1913)  figures  herein  reproduced,  is  the  only  one  known  to  the  writer. 
Leaving  out  of  further  account  the  various  general  features  already  spoken 
of,  in  comparing  the  two  figures,  no  essential  diflferences  are  noticeable  save 
in  the  head. 

The  snout  in  the  photograph  shows  to  better  advantage  than  in  the 
dorsal  view,  since  it  is  in  the  ventral  plane  of  the  body.  That  in  Jordan  and 
Evermann's  figure  is  plainly  too  short  and  rounded.  The  mouth  is  too 
squarely  cut,  the  lower  lip  especially  so.  In  the  photograph  the  nasal 
flaps  are  longer  and  fit  more  closely  in  the  corners  of  the  mouth.  Still 
more  marked  is  the  sharper  angle  of  the  point  of  the  lower  jaw  and  its 
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projection  beyond  the  mouth  and  indeed  over  the  lower  lip.    These  struc- 
tures were  found  in  every  fish  examined  by  the  writer. 

The  first  and  only  description  of  our  spotted  sting  ray  from  Brazilian 
waters  since  Marcgrave  (1648)  is  that  by  Miranda  Ribeiro  (1907),  259  years 
later.  His  very  clear  diagnosis  of  the  characters,  both  generic  and  specific, 
agrees  closely  with  Jordan  and  Evermann.  These  Brazilian  rays,  however, 
are  dark  olive  above  with  blue-white  spots,  which  are  round,  more  or  less 
equidistant  from  each  other,  and  in  size  about  equal  to  that  of  the  eyes. 


Text-fig.  4. — Ventral  view  of  A,  narinari^  after  Jordan  and  Evermann,  1900,  Florida. 

As  Gunther's  (1870)  characterization  of  A.  narinari  from  specimens  in 
the  British  Museum  is  the  most  authoritative  since  Miiller  and  Henle 
(1841),  so  his  description  of  the  single  specimen  in  the  Museum  Godeffroy 
at  Hamburg  (1910)  is  the  most  satisfactory  since  Jordan  and  Evermann's 
(1896).  His  specimen  from  Samoa  is,  he  says,  not  to  be  distinguished 
from  Atlantic  specimens.  However,  he  describes  its  nose  as  blunt,  whereas 
my  figures  and  observations  plainly  show  it  to  be  sharp-pointed  in  all, 
although  of  varying  widths  towards  the  base.  The  whole  upper  surface  of  the 
body  in  his  young  specimen  was  covered  with  numerous  bluish-white  spots. 

In  connection  with  notes  on  the  embryos  of  certain  rays  {A.  narinari 
especially)  taken  at  Cape  Lookout  in  1912,  Coles  has  (1913)  incidentally 
published  some  elegant  figures  of  our  ray,  which,  through  his  kindness  and 
that  of  the  American  Museum  of  Natural  History,  are  reproduced  herein  as 
figures  9,  10,  and  11,  plate  v.  One  text-figure  of  his  paper  will  be  omitted, 
since  it  shows  no  points  not  given  in  figure  9,  plate  V.    This  figure  is  a  lateral 
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view  of  a  female  7  feet  2  inches  wide.  Figures  10  and  1 1  are  head-on  and 
ventral  views  of  the  same  fish.  Figure  10  is  the  first  head-on  view  ever 
published,  and  the  only  ventral  representation  except  the  Jordan  and 
Evermann  drawing,  (text-fig.  4)  is  figure  1 1 .  Unfortunately  this  last  is  taken 
at  too  flat  an  angle  to  give  a  clear  representation  of  the  whole  ventral 
surface.  Further  attention  will  be  called  to  these  figures  in  other  sections.^ 
The  following  table  gives  in  comparative  form  the  measurements  (in 
inches),  absolute  and  relative,  of  the  various  specimens  of  the  spotted  eagle 
ray  described  by  the  authors  previously  quoted: 


Author. 


Length. I  Breadth. 


Abbeville 

Marcgrave 

Euphraaen* 

Bloch  &  Schneider 

Ruppell 

Russell 

MaUer&Henle 

Forster 

Cantor 

Sleeker 

Dum^ril 

Klunzinger 

Day 

Jordan  &  Evermann 

Beaufort.  190X 

Gudser.  1909 

Coles.  1909 

Gudger  (Beaufort.  1910).  I . . 

Ill 

Coles,  1910 

Jenldna 

Mhanda  Ribeiro 

Gunther 

Coles  (Cape  Lookout.  1912)  I 


It 


Gudger  (Key  West.  19x3)  I . 

III!! 
IV... 


72 
18 


10 

12 


7.2s 


26 

x8 

16 

19 

18.5 

26.S 

36 

15.S 


II 


245 
23 
24 
32 


72 
46 


28 
20.5 
1 1. 75 


48 

26 

23.5 

28.S 

27.S 

37 

69 

31  + 


86 
91 
83 
33 
32 

62 


TaU. 


72 
SI 


62 
52 
35 
33.75 


56 

40.S 

35.5 

33 

39.5 

27.8 

69 

32.5 


43 


37.75 
82 


B-Lx    r-Ljc 


I* 
2.6 


2 

3.4 

2.3 

1.9 

1.6 

2  — 

2 

1.67 


2 
1.84 

X.5 
1.5 
1.5 
1.4 
1.9 

2  + 

2 


1.3 
1.4 

1-4 
1.9 


I* 

2.8 

3 

3 

4 

6.2 

4.3 

3.2 

4-7 

3  + 

3  to4 

3  to  3.5 

3t04 

3  to  4 

2.2 

2.3 

2.2 
1.7 
2.x 

I 
1.9 

2 

3to4 

4 


X.6 
1.9 
2.5 
2.6 


SPECIFIC  DESCRIPTIONS. 

COLOR  AND  MARKINGS. 

Aeiobatus  narinari  shows  such  marked  variations  in  color  of  both  the 
general  upper  surface  of  the  body  and  of  the  spots,  that  it  may  not  be 
without  value  to  summarize  here  the  work  of  the  various  investigations 
previously  cited  and  to  give  my  rather  full  observations  of  the  specimens 
which  I  have  examined. 

Marcgrave  (1648)  says  that  the  upper  part  of  the  body  is  of  a  steel 
(Jerreus)  color  while  "scattered  over  the  entire  fish  are  white  spots  about  the 
size  of  a  nummus  misnicus"  This  would  indicate  that  they  are  found  on 
the  head,  though  his  figure  does  not  so  show.  However,  they  are  shown 
on  the  head  in  the  water-color  painting.  In  his  colored  figure  the  upper 
surface  is  a  dark  steel-blue  with  white  spots.  Piso  (1658)  also  speaks  of 
its  color  being  blue. 

1  In  an  Interesting  book  on  fishing  in  Florida,  '*Tbe  Giant  Fish  of  Florida,"  J.  Tumer-Torner  (1902) 
describes  the  capture  of  a  number  of  spotted  sting  rays.  His  figures,  made  from  photographs,  are  quite  good. 
His  descriptions  need  not  detain  us  here. 
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Omitting  those  who  merely  copy  Marcgrave  without  ever  having  seen 
the  fish,  we  next  come  to  Sioane  (1697)  whose  Jamaican  ray  was  "smooth, 
blue,  marked  with  white  spots"  on  the  dorsum.  His  slightly  fuller  de- 
scription, dated  1725,  makes  the  fish  "all  blue  even  in  the  flesh  itself,  with 
white  spots  on  it." 

Browne  (1756),  whose  fish  came  from  the  same  waters,  speaks  of  the 
middle  parts  as  bluish-mixed  {media  ccerideo-miscella). 

Next  comes  Euphrasen  (1790),  whose  ray  (also  a  West  Indian  specimen) 
was  a  brown  above  with  round  white  spots,  in  diameter  about  the  size  of  a 
man's  thumb.  His  drawing  (fig.  5,  plate  iii)  has  the  spots  too  large,  too 
few,  and  entirely  lacking  on  the  head.  In  Walbaum's  "  Artedi,"  volume  3, 
1792,  Euphrasen  is  quoted  substantially  as  above,  as  he  is  also  by  Schneider 
(Bloch  and  Schneider,  1801). 

Russeirs  (1803)  ocellated  ray  had  a  dark  ash-colored  upper  surface 
spotted  with  numerous  small,  round,  white  spots  edged  with  black — these, 
however,  being  absent  from  the  head. 

The  question  whether  or  not  Quoy  and  Gaimard's  5-spined  ray  from 
Guam  is  identical  with  A.  narinari  will  be  taken  up  in  the  section  on  the 
species,  but  for  the  sake  of  continuity  it  seems  well  to  give  their  notes  on 
the  color.    This  was  a  dark  brown  sprinkled  with  round  sky-blue  spots. 

Ruppell's  (1835)  R^  Sea  ray  had  its  whole  upper  surface  of  dark  olive 
variegated  with  white  spots.  He  declares  that  his  ray,  of  which  he  gives 
no  figure,  is  identical  with  Russell's  Eel  Tenkee,  which  is  shown  in  figure  6, 
plate  III. 

Mtiller  and  Henle  (1841)  examined  twelve  specimens  from  Brazil,  the 
Red  Sea,  and  the  Indies,  whose  coloring  was  brown  interspersed  with  white 
spots  scattered  regularly  over  the  whole  dorsal  surface  save  the  head  only; 
but  they  add  that  the  number  of  these  spots  was  sometimes  small. 

Forster's  toothless  ray  (Lichtenstein,  1844),  which  is  Aetobatus  narinari 
beyond  any  doubt,  was  lead  or  steel  colored  above  and  "scattered  over  the 
body"  were  many  round  white  spots. 

The  spotted  sting  ray  found  in  the  Malayan  waters  was,  according  to 
Cantor  (1849),  ''Above  greenish-olive  or  greenish-gray;  a  little  behind  the 
occiput  and  behind  the  anterior  margin  of  the  pectorals  appear  more  or 
less  numerous  greenish-white  rounded  spots  edged  with  black." 

Bleeker  (1852),  who  found  these  rays  common  throughout  the  East 
Indies,  describes  them  as  being  coppery  green  above,  the  back  and  fins 
both  pectoral  and  ventral  dotted  with  scattering  round  pearly-blue  spots. 
No  definite  statement  is  made  as  to  their  occurrence  on  the  head. 

Dum6ril  (1861)  has  gone  into  the  question  of  spots  more  carefully  than 
any  other  writer.  He  says;  describing  the  congeneric  A.  latirostrisy  which 
Gunther  declares  to  be  a  mere  variation  of  A.  narinari  and  not  entitled  to 
specific  rank  (on  this  point  see  page  315  of  this  article):  "On  a  brownish- 
black  foundation  are  roundish  white  spots  irregularly  scattered  and  occu- 
pying all  the  upper  surface  of  the  animal."     Contrasting  it  with  A.  nari^ 


Digitized  by 


Google 


The  Spoiled  Eagle  Ray.  263 

nari,  he  notes  that  its  spots  are  larger,  farther  apart,  and  hence  fewer. 
The  average  diameter  of  50  spots  on  A.  latirosiris  was  8  to  9  mm.,  of  100  on 
narinari  was  4  to  6  mm.  (For  other  specific  differences  see  page  315). 
These  points  are  clearly  brought  out  by  figure  8,  plate  iv,  a  photographic 
reproduction  of  Dum^ril's  drawing,  inspection  of  which  will  show  spots  on 
the  heads  of  both  species. 

Day's  (1865)  Malabar  specimen  had  a  grayish-olive  back  covered  behind 
the  head  with  numerous  dirty-white  spots  with  black  edges.  He  un- 
fortunately gives  no  figures.  Dum6ril  says  of  A.  narinari ^  in  his  "Histoire 
Naturelle  des  Poissons"  (1865):  "General  color  brown,  with  small  circular 
spots  of  whitish-green  bordered  by  black,  regularly  distributed  and  varying 
in  number." 

In  1867,  the  distinguished  ichthyologist,  Dr.  Theodore  N.  Gill,  described 
an  AeiobatuSf  which  had  been  received  by  the  Smithsonian  Institution  from 
San  Francisco,  under  the  name  A .  laticeps.  Its  color  was  bluish  black  above, 
interspersed  with  numerous  fairly  distinct  whitish  or  yellowish  spots, 
smaller  than  the  eye.  These  were  smaller  on  the  head  and  larger  on  the 
body  and  behind  towards  the  sides,  and  were  somewhat  ocellated  on  the 
ventrals.  The  pectorals  were  margined  with  blackish,  while  on  the  best 
Beaufort  specimens  the  margin  is  whitish.  Some  of  the  Key  West  speci- 
mens, however,  had  both  margins.  The  specific  identity  of  this  specimen  will 
be  discussed  later. 

Gunther  (1870),  from  a  study  of  twelve  specimens  in  the  British  Museum, 
merely  says  that  the  upper  surface,  whose  color  is  not  stated,  is  generally 
adorned  with  numerous  round  bluish-white  spots.  He  decides  that  the 
variations  above  noted  are  not  specific  and  puts  all  forms  into  one  species, 
narinari.  Later  (1880),  he  continues  the  one  species  and  adds  that  it  may 
be  easily  recognized  by  the  numerous  bluish-white  round  spots  on  the 
dorsum,  though  reference  to  his  drawing  (text-fig.  2)  shows  that  these  are 
lacking  on  the  head  and  anterior  part  of  the  pectorals. 

In  1871,  Klunzinger  redescribed  the  spotted  sting  ray  of  the  Red  Sea. 
His  specimen  was  grayish-black  on  the  dorsal  surface  and  everywhere 
(except  on  the  head)  there  were  round  white  spots,  rather  few  in  number. 
RuppelFs  ray  from  the  same  waters,  it  will  be  remembered,  was  dark  olive 
above  with  white  spots  all  over  the  dorsum. 

Day's  (1878)  Indian  specimens  (localities  not  noted)  were  grayish-olive, 
sometimes  greenish-olive  or  leaden-gray,  and  were  generally  covered  behind 
the  head  with  dirty-white  or  bluish  spots  edged  with  black.  To  this  de- 
scription is  added  the  interesting  statement  that  in  immature  forms  the 
upper  parts  are  a  deep  lead  color  and  that  the  spots  are  hardly  visible. 

Chronologically  Jordan  and  Gilbert  (1882)  come  next,  but  as  their 
description  is  identical  with  that  found  in  Jordan  and  Evermann  (1896),. 
which  will  be  discussed  at  length  later,  consideration  of  it  will  be  deferred. 

In  1895  Henshall  described  a  specimen  from  the  west  coast  of  Florida 
under  the  name  Stoasodon  narinari.  It  was  dark  brown  above  and  thickly 
covered  with  white  spots,  about  half  an  inch  in  diameter. 
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Jordan,  in  his  "Fishes  of  Sinaloa"  (1895),  describes  an  A.  narinari  from 
the  Pacific  Coast  of  Mexico  whose  "Color  is  bluish-black  with  many  round 
yellowish  spots  scattered  equally  over  the  back  and  ventral  fins;  spots 
about  as  large  as  eye  on  back,  smaller  on  head;  sometimes  two  spots  run 
together,  forming  an  elliptical  spot  [see  here  fig.  i,  plate  i  of  this  paper]; 
about  16  spots  from  eye  along  anterior  margin  of  pectoral  to  lateral  angle; 
posterior  margin  of  pectoral  very  narrowly  margined  with  white  [see  my 
fig.  i];  ventral  side  pearly  white." 

On  page  2753  of  volume  iii  (1898)  of  the  "Fishes  of  North  and  Middle 
America,"  Jordan,  over  his  own  signature,  repeats  the  description  of  his 
Mazatlan  specimens  from  Sinaloa  and  adds  that  there  are  no  noticeable 
differences  between  these  (sometimes  identified  as  A.  laticeps)  and  the 
West  Indian  specimens.  A  careful  comparison  of  his  description  with  the 
photograph  serving  as  a  frontispiece  for  this  paper  will  show  how  true  this 
is  for  Beaufort  specimens.  Jordan  calls  particular  attention  to  the  dif- 
ferences between  specimens  from  Mazatlan  (above)  and  the  original  type 
specimen  of  A.  laticeps,  whose  locality  is  unknown  but  which  was  received 
from  San  Francisco.  Its  color  was  "bluish-black  with  numerous  rounded 
yellowish  spots  on  head,  smaller  than  eye,  much  larger  on  body,  assuming 
on  the  pectoral  the  form  of  ocelli."     (Page  88,  vol.  i.) 

Evermannand  Marsh,  in  their  "Fishes  of  Porto  Rico"  (1900), describe 
the  life  color  of  a  specimen  taken  at  Culebra  Island,  near  Porto  Rico :  "  General 
color  of  whole  upper  surface  light  chocolate  brown,  everywhere  covered 
with  roundish  or  oblong  pearly  or  bluish  spots  or  blotches,  largest  about 
size  of  eye,  smallest  less  than  half  as  large;  under  surface  milky  white  except 
margin  of  snout,  which  is  dark  gray;  tail  uniform  chocolate  brown;  iris 
yellowish  gray."  They  reproduce  the  figures  in  Jordan  and  Evermann 
above  referred  to. 

Jenkins  (1904)  found  this  beautiful  ray  rather  common  at  Honolulu,  but 
only  made  a  critical  examination  of  one  specimen.  He  describes  it  as 
having  a  blue  dorsum  covered  with  very  many  clearly  marked  white  ocellus- 
like spots  about  the  size  of  the  eye,  the  head  in  front  of  the  spiracles  being 
devoid  of  spots  and  therein  very  unlike  the  Beaufort  specimens. 

Calling  our  ray  Stoasodon  narinari,  Jordan  and  Evermann  (1905),  in 
their  "Fishes  of  the  Hawaiian  Islands,"  find  specimens  from  Honolulu  and 
Hilo  to  have  exactly  the  same  colors  as  those  from  Porto  Rico.  One  in 
life  was  bluish-gray  on  the  dorsal  surface  and  slightly  darker  on  the  pectorals, 
while  the  back  was  covered  with  bluish-white  spots,  of  which  those  in  the 
middle  region  were  largest  and  those  on  the  edges  of  the  fins  smallest, 
exactly  as  may  be  seen  in  my  photograph  of  one  Beaufort  specimen. 

Jordan's  "Guide  to  the  Study  of  Fishes,"  volume  i  (1905),  tells  us  that 
Aetobatus  narinari  "is  showily  colored,  brown  with  yellowish  spots." 

In  collaboration  with  Seale  (1907)  Jordan  describes  one  specimen  from 
Cavite,  Philippine  Islands:  "In  spirits  the  color  is  brownish,  the  upper 
surface  0/  the  disk  covered  with  pale  blue  spots.    The  pale  spots  are  much 


Digitized  by 


Google 


The  Spotted  Eagle  Ray.  265 

fainter  than  in  Hawaiian  examples.  The  latter,  however,  of  much  larger 
size."  Here  the  reader's  attention  is  called  to  Dum^ril's  statement  con- 
cerning the  relative  size  of  the  spots. 

H.  M.  Smith  (1907),  writing  of  Beaufort  specimens,  says  that  the  color 
is  brown  on  the  dorsal  surface  with  many  round,  small,  pale  spots  and  with 
dark  parallel  lines  [not  bands]  running  transversely.  He  is  the  first  and 
only  writer  to  refer  to  the  dark  bands  shown  in  Jordan  and  Evermann's 
drawing  (text-fig.  3). 

Recalling  Marc^ave's  (1648)  statement,  that  his  ray  was  iron  or  steel 
colored  above,  with  white  spots  scattered  all  over  the  whole  dorsal  surface 
(except  the  head  and  snout),  it  is  interesting  to  have  Miranda  Ribeiro's 
(1907)  description  of  Brazilian  specimens.  Writing  259  years  after  Marc- 
grave,  he  says  present-day  specimens  are,  "dark  olive  above  with  blue-white 
spots,  which  are  round,  more  or  less  equidistant  from  each  other,  and  of  a 
size  approximately  that  of  the  eyes." 

Gunther's  (1910)  South  Sea  specimen  from  Samoa  is  expressly  declared 
to  be  indistinguishable  from  Atlantic  specimens  of  equal  size.  No  general 
color  is  given,  but  the  whole  upper  surface  is  thick-set  with  round  bluish- 
white  spots,  those  on  the  head,  however,  being  rather  few. 

The  first  and  only  writer  who  seems  to  have  ever  seen  the  lines  or  bars  was 
the  French  Capuchin  friar,  Claude  d'Abbeville  (1614).  He  states  briefly 
and  simply  that  "this  fish  (the  Narinnary)  is  all  striped  of  black  and  white." 

Excepting  de  Laet  (1633),  who  merely  quotes  d'Abbeville,  no  writer 
from  1614  to  1907  (Smith)  makes  mention  of  these  curious  and  interesting 
color  bands  and  lines.  My  own  observations  on  Beaufort  and  Key  West 
specimens  are  given  at  length  in  the  following  pages,  together  with  the 
conclusions  based  thereon. 

I  have  had  from  Beaufort  five  specimens,  two  in  1909  and  three  in  19 10. 
Elsewhere  (Gudger,  1910  and  1912A)  these  various  specimens  have  been 
described.  In  1909  I  had  no  knowledge  of  the  great  variations  in  color 
which  are  found  in  Aetobatus  narinari  and  unfortunately  made  no  notes 
thereon,  being  chiefly  occupied  with  those  points  wherein  these  specimens 
differed  so  markedly  from  thoc»e  of  Jordan  and  Evermann.  At  this  late 
day,  all  that  can  be  said  is  that  their  color  agreed  pretty  closely  with  that 
given  by  these  authors  for  their  specimens.  My  notes,  however,  record  the 
fact  that  in  life  no  lines  were  visible  on  specimen  No.  i.  I  was  thoroughly 
convinced  of  their  absence  until  Director  Aller,  after  the  fish  had  been  dead 
some  hours,  called  my  attention  to  them.  They  were,  however,  extremely 
faint  and  only  visible  when  the  light  fell  on  the  fish  at  a  certain  angle.  The 
specimen  was  dissected  for  internal  organs  and  jaws  and  thrown  away. 

Mr.  Coles's  specimen,  No.  2  for  1909,  after  being  in  5  per  cent  formalin 
for  a  year,  was  carefully  examined.  Its  general  color  was  found  to  be  a 
light  brown  overlaid  with  a  bluish  or  leaden-gray.  The  spots  which  were 
scattered  over  the  whole  dorsal  surface  (head  included)  were  cream-colored 
or  dirty  white.     None  of  them  had  dark  rings  around  them,  but  nearly  all 


Digitized  by 


Google 


266  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas. 

had  dim  white  centers,  giving  the  ocelli-Iike  appearance.  These  spots  were 
larger  on  the  back  and  smaller  on  the  head  and  outer  parts  of  the  pectorals, 
while  near  the  ventral  hns  a  few  ran  together  to  make  elliptical  or  dumb- 
bell-shaped spots.  The  right  pectoral  had  on  its  anterior  edge  23  spots, 
on  its  posterior  25;  the  left  pectoral  had  in  front  20  and  behind  27  spots, 
not  all  of  which  were  of  approximately  equal  size.  The  dorsal  had  on  each 
side  a  large  spot  with  a  dark  hinder  edge,  and  at  its  base  another  large  spot 
on  each  side.  On  either  side  of  the  tail,  just  under  the  spines;  was  a  white 
stripe.  The  bands  shown  in  Jordan  and  Evermann's  drawing  (text-fig.  3), 
which  were  not  visible  to  the  eye  when  the  specimen  was  brought  to  the 
laboratory  and  which  are  not  to  be  found  in  a  photograph  of  this  ray  made 
with  a  very  small  diaphragm  and  a  long  exposure,  were  at  this  time  visible 
as  very  faint  lines,  having  no  width,  not  bands.  This  was  a  male,  probably 
immature,  having  claspers  only  half  an  inch  long,  pointed  at  the  ends,  and 
with  very  faint  grooves. 

Specimen  No.  1, 1910,  was  taken  June  30  in  Newport  River,  about  4  miles 
from  the  laboratory.  Its  measurements,  as  well  as  those  of  Nos.  11  and  in 
(to  be  described  later) ,  are  given  in  the  table  on  page  261 .  In  bringing  it  into 
the  laboratory,  it  was  badly  handled  and  sunburned,  resulting  in  a  loss  of 
cuticle  in  places,  but  the  color  could  be  made  out  fairly  satisfactorily. 

In  the  fresh  specimen  the  ground  color  was  a  dark  chestnut  or  brown 
and  the  spots  a  rich  yellow  cream.  These  spots  were  found  over  all  the 
body,  but  were  smaller  on  the  head,  while  some  few  in  the  pectoral  region 
had  run  together.  The  fish  was  put  in  a  boat  and  partly  covered  with 
water.  The  cream-colored  spots  gradually  became  whitish.  That  part 
of  the  fish  out  of  the  water  turned  dark  and  finally  became  a  velvety  black 
and  the  spots  blue.  The  dark  cuticle  peeled  off  during  the  day,  leaving  the 
ground  color  a  dirty  brown  and  the  spots  white.  In  the  fresh  G^st  dead) 
specimens  no  bands  could  be  found,  but  after  death  faint  lines  could  be 
made  out  by  close  inspection;  these,  however,  did  not  cross  the  spots  as 
shown  by  Jordan  and  Evermann  (text-fig.  3),  but  were  rather  outlined  and 
marked  off  by  them. 

After  being  in  5  per  cent  formalin  for  19  days,  this  fish  showed  the  fol- 
lowing colorations:  The  body  generally  was  of  a  light  chocolate  brown  with 
bluish-gray  regions  where  the  sunburn  was  not  bad  (the  cuticle  gave  the 
grayish  or  lead-blue  color) ;  the  spots  were  white  varying  to  creamy  white, 
some  with  bright  white  centers,  giving  the  ocellus-like  appearance  previously 
reported.  As  noted  in  the  first  specimen,  the  spots  on  the  head  were  smaller 
than  these  in  the  mid-pectoral  region — the  mid-dorsal  and  outer  pectoral 
regions  were  too  badly  mauled  to  have  their  spots  described.  The  spots 
extended  in  on  the  ventral  surface  of  the  spiracles.  On  the  right  pectoral, 
anterior  edge,  there  were  17  +  spots,  and  on  the  same  surface  of  the  left  fin 
18  +  spots.  Since  the  tips  of  the  fins  were  badly  split,  the  numbers  must  be 
marked  +.  The  dorsal  was  devoid  of  spots  on  and  below  it.  Below  the 
spines  there  was  a  white  line  or  stripe  on  either  side.    The  transverse  lines 
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previously  referred  to  were  present  and  pretty  definite.  They  were  ex- 
tremely narrow  bands  made  by  dirty  white  lines  with  dark  edges,  due  to  the 
ground  color.    On  none  of  my  specimens  were  they  so  marked  as  on  this  one. 

Specimen  No.  11  was  taken  in  the  channel  connecting  the  inner  and 
outer  harbors,  on  July  4.  When  it  came  in  I  was  very  busy  with  other 
matters,  so  it  was  put  in  a  tank  of  running  salt  water  and  left  for  two  or 
three  hours.  When  it  was  got  round  to,  I  found  to  my  regret  that  the 
cuticle  was  beginning  to  slip,  so  all  haste  was  made  to  photograph  it.  This 
took  so  much  time  that  no  careful  notes  of  the  life  color  could  be  made. 
The  ventral  view  (fig.  2,  plate  i),  the  front  aspect  (fig.  16,  plate  vi),  and 
the  lateral  view  of  the  head  (fig.  12,  plate  vi)  were  all  made  from  this  fish. 

After  immersion  in  formalin  (5  per  cent)  for  15  days,  the  color  of  this 
specimen  showed  up  as  follows:  general  color  pearl  gray  or  bluish-gray; 
where  the  cuticle  had  slipped  it  was  a  light  chocolate  brown ;  the  spots,  larger 
on  mid-dorsal  region  and  smaller  on  the  head  and  at  the  extremities  of  the  pec- 
torals, were  a  bright  white  in  the  center  of  the  disk  and  elsewhere  a  dirty 
white  with  distinct  white  centers,  giving  the  familiar  eye-like  appearance. 
Sparsely  scattered  over  the  whole  disk  were  dumb-bell-shaped  markings  made 
by  the  coalescence  of  two  spots.  The  dorsal  fin  had  on  its  hinder  half  the 
familiar  white  spot  changed  to  a  stripe,  edged  with  black,  and  at  its  base  a 
large  spot.  Both  pectorals  had  spots  as  follows :  Anterior  edge,  20  spots ;  pos- 
terior, 23;  and  in  both  a  line  of  very  indistinct  spots  on  the  crenate  hinder 
edges.  The  outer  and  inner  edges  of  the  bases  of  the  ventrals  were  edged  with 
white.  White  spots  were  found  in  the  spiracles  as  in  other  specimens.  The 
transverse  lines  were  fairly  distinct  and  in  some  cases  they  crossed  the  spots. 
This  was  an  immature  male,  with  claspers  only  three- fourths  of  an  inch  long. 

Spotted  sting  ray  No.  iii,  1910,  was  taken,  on  July  7,  within  300  yards 
of  the  locality  for  No.  11,  by  the  same  fishermen.  I  reached  the  scene  while 
it  was  still  flapping  on  the  beach,  and,  as  soon  as  it  was  dead,  covered  it  with 
wet  towels  and  bringing  it  to  the  laboratory  (a  third  of  a  mile  away) 
photographed  it  while  still  fresh.  Its  picture  forms  the  frontispiece  to  this 
paper.  While  fresh  its  color  was  a  dark  chocolate-brown  and  its  spots 
were  cream-colored,  some  of  them  turning  a  faint  bluish  or  greenish-blue. 
No  striations  whatever  could  be  found  although  they  were  carefully  searched 
for.  After  12  days  in  weak  formalin  its  condition  was  almost  as  perfect 
as  when  brought  in,  but  its  color  was  now  a  bluish-gray  while  the  spots 
were  still  cream-colored  running  to  white.  This  ray  had  the  largest  spots  of 
any  examined  at  Beaufort  by  the  writer.  Smaller  on  the  head  where  they 
were  arranged  in  definite  rows,  they  were  pretty  uniform  in  size  over  the 
rest  of  the  body,  and  (more  than  on  any  other  Beaufort  fish  examined  by 
me)  showed  a  tendency  to  run  together  (see  fig.  i,  plate  i). 

Attention  is  called  to  the  spots  of  extra  large  size  at  the  base  of  the 
ventrals  and  to  their  presence  in  the  spiracles.  On  the  anterior  edge  of 
the  right  pectoral  fin  there  were  20  spots,  and  in  the  same  region  on  the 
left  21.     It  was  not  easy  to  count  them  on  the  posterior  edges,  because 
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especially  on  the  right  fin  they  were  so  mixed  up  with  the  line  of  smaller 
and  fainter  ones  formed  on  the  extreme  edges  in  the  crenations,  and  further 
because  the  intumings  of  these  fins  next  to  the  ventrals  had  the  spots 
confluent  to  form  white  stripes  or  splotches.  The  regular  arrangement  of 
these  spots  in  very  definite  rows  was  noticeable.  These  spots,  which  were  of 
very  uniform  size  throughout,  were  surrounded  by  faint,  dark  circles,  thus 
giving  the  ocellus-like  appearance  recorded  by  so  many  authors.  None  of 
them  had  the  whiter  centers  noted  in  my  other  specimens. 

The  dorsal  fin  had  two  large  spots  at  its  base  and  on  its  hinder  surface 
a  white  splotch  edged  with  black.  Under  the  spines  was  a  white  streak, 
and  below  that  (in  the  middle  of  the  side  of  the  tail)  a  long,  pointed,  dark 
streak.  Careful  examination  of  this  specimen  after  immersion  in  formalin 
showed  the  presence  of  faint  transverse  striations  on  the  mid-pectoral  region. 
However,  the  only  lines  visible  in  the  photograph  (fig.  i,  plate  i)  are  fin  rays. 

Examination  of  the  photograph  of  one  of  Mr.  Coles's  huge  specimens 
taken  in  1912  shows  that  this  ray  had  on  the  dorsal  fin  a  large  white  splotch 
and  back  of  this  a  black  border.  At  the  base  of  the  fin  is  another  large 
white  splotch,  beneath  this  a  long  dark  streak  ending  in  a  backwardly 
directed  point,  and  lower  still  the  white  side  of  the  tail  (see  fig.  9,  plate  v). 

Attention  will  now  be  called  to  the  spots  on  the  dorsal  surfaces  of 
these  rays.  One  of  these,  a  male  6  feet  11  inches  wide,  had,  in  the  region 
of  the  bases  of  the  pelvic  fins  and  at  the  root  of  the  tail,  a  few  irregularly 
shaped  markings  formed  by  the  coalesence  of  two  or  more  spots,  but  no 
distinct  ocellations.  Another,  a  female  7  feet  7  inches  wide,  had  practically 
the  whole  dorsal  surface  covered  with  white  spots  with  dark  centers.  How- 
ever, it  is  a  third  specimen,  a  female  7  feet  2  inches  wide,  in  which  these 
ocellated  spots  are  most  perfectly  developed.  Figures  9,  10,  and  11,  plate 
V,  are  lateral,  frontal,  and  ventral  views  of  this  ray.  Study  of  these  figures 
shows  that  these  eyed  spots  are  formed  by  two  or  more  spots  coalescing 
to  form  u  or  c-shaped  spots  and  that  these  finally  close  up  to  make  white 
rings  with  dark  centers. 

There  now  remain  to  be  described  the  four  Florida  specimens.  Three 
of  these,  it  will  be  remembered,  were  taken  at  Key  West  by  Dr.  Mayer 
on  May  10  and  were  preserved  by  freezing  in  a  large  block  of  ice.  On  May 
29  the  first  of  these,  a  male  2^  feet  wide,  was  examined.  The  epidermis 
on  this  specimen  was  beginning  to  slip,  but  those  parts  still  covered  by  it 
were  a  blackish-brown,  those  from  which  it  had  slipped  were  a  lavender 
gray.  The  spots  were  found  all  over  the  dorsum,  but  those  on  the  head,  and 
especially  in  front  of  the  eyes,  were  smaller  than  those  on  the  other  parts  of 
the  body.  In  the  middle  parts  of  the  back  and  on  the  wings  the  spots  were 
larger  and  many  were  dumb-bell-shaped.  An  average  spot  measured  11 
by  13  mm.  There  were  about  27  spots  along  the  front  edge  of  the  right 
pectoral.  When  the  epidermis  was  pulled  off  the  spots  in  it  were  a  smoky- 
gray,  those  in  the  underlying  skin  were  cream-colored.  No  transverse 
lines  were  visible  either  in  the  epidermis  or  in  the  true  skin. 
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Specimen  No.  11,  for  1913,  was  also  a  male,  2%  feet  wide,  and  was 
examined  on  the  same  day  as  the  preceding.  With  the  epidermis  on  its 
color  was  a  blackish-brown;  with  this  off  it  was  a  leaden-gray.  The  spots 
were  cream-colored  with  dark  centers.  In  the  puUed-off  epidermis  they 
were  whitish  with  dark  centers,  and  those  in  the  flesh  were  of  about  the 
same  color,  but  were  surrounded  with  fairly  distinct  dark-gray  circles  well 
marked  off  from  the  general  lead-gray  body  color.  The  spots  over  the 
central  part  of  the  body  ranged  in  shape  and  size  from  round  ones  having 
an  average  diameter  of  10  mm.  to  elliptical  ones  10  by  18  mm.  Those  on 
the  head,  between  the  eyes  and  extending  into  the  spiracles,  were  smaller. 
Those  along  the  front  edge  of  the  left  pectoral  were  about  20  in  number. 
No  transverse  bars  were  visible. 

The  third  of  the  rays  preserved  in  ice  was  not  examined  until  June  7. 
It  was  a  male  and  measured  2  feet  10  inches  between  the  tips  of  its  pectorals. 
Nearly  all  of  the  epidermis  was  gone  from  this  specimen,  but  those  parts 
still  covered  by  it  were  blackish,  while  the  others  were  a  lead  or  steel-gray. 
In  the  epidermis  the  spots  were  light  gray  and  on  the  skin  whitish  with 
dark  centers.  Each  of  the  latter  spots  was  surrounded  with  a  dark  ring 
about  half  as  wide  as  the  spot.  On  the  central  and  hinder  parts  of  the  body 
the  spots  ran  together  to  form  oblong  or  dumb-bell-shaped  spots.  On  the 
front  edge  of  the  right  pectoral  about  27  spots  could  be  counted. 

Transverse  lines  were  visible — alines  not  bands.  On  running  my  finger 
along  them  I  found  that  they  were  formed  by  transverse  canals  in  the  flesh 
just  under  the  skin,  which  could  be  made  to  swell  with  the  contained  liquid. 
For  the  most  part  these  were  about  an  inch  apart  and  traversed  both  spots 
and  interspaces.  On  the  hinder  part  of  the  back  they  ran  into  the  large 
longitudinal  canab  marking  off  the  outside  limits  of  the  abdomen. 

On  the  base  of  the  tail  a  gray  streak  on  each  side  ran  back  to  the  spines. 
The  dorsal  was  gray  in  front,  black  behind,  and  had  a  white  spot  at  the 
base.  The  tail  was  white  on  the  sides  and  underneath  back  to  the  end  of 
the  last  spine;  thence  black  to  the  tip.  However,  about  a  foot  behind  the 
dorsal  there  was  a  white  spot  on  the  right  and  two  on  the  left  side.  This  I 
had  not  noticed  on  any  specimens  before. 

My  fourth  Florida  specimen  was  grained  in  the  same  locality  as  the 
preceding,  i.  e.,  off  Slaughter-house  Point,  Key  West  Harbor,  on  June  20. 
I  carried  it  at  once  to  a  wharf  and  noted  its  color  before  it  was  fully  dead. 
It  was  a  full-grown  male,  5  feet  2  inches  wide.  Its  life  color  was  a  light 
chocolate  brown,  darker  toward  the  hinder  edges  of  the  fins,  and  the  spots 
were  creamy  white  with  dark  centers.  On  the  center  of  the  back  and  on 
the  hinder  parts  of  the  body  the  spots  were  in  the  shape  of  dumb-bells, 
figures  3  or  8,  letters  S,  C,  and  u,  and  in  oblong  and  roundish  markings. 
All  the  round  spots  had  dark  centers,  but  no  outer  circles  were  noted. 
However,  small  round  spots  were  found  everywhere  among  the  markings 
just  described.  The  large  round  spots  are  formed,  as  the  fish  grows  older, 
by  the  coalescence  of  the  horns  of  the  U-shaped  markings.    All  sorts  of 
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gradations  of  these  could  be  found.  The  hinder  edges  of  the  fins  were 
fimbriated  and  were  margined  with  black,  having  in  front  of  the  black 
edge  an  ornamentation  of  spots,  figures,  and  wavy  lines. 

In  the  cephalic  region  the  spots  were  smaller,  but  covered  the  whole 
head,  snout,  and  cephalic  fins,  and  extended  into  the  spiracles,  covering 
both  walls  and  flaps.  The  dorsal  fin  was  white  edged  with  black,  having 
in  front  and  along  each  side  of  the  base  a  broad  dark  mass,  and  having  a 
dark  bar  on  each  side  extending  from  above  in  front  obliquely  backward 
and  downward,  dividing  the  white  area  into  two  regions,  each  of  which 
had  a  small,  round,  black  spot  in  it.  The  under  side  of  the  tail  was  white 
like  the  body,  and  on  the  sides,  about  a  foot  behind  the  l^t  spine,  were  a 
number  of  white  spots  as  noted  on  the  preceding  fish. 

The  above  are  all  life  colors.  After  exix)sure  to  the  sun  for  some  time,  the 
skin  turned  black  and  the  spots  became  greenish  and  finally  a  faint  pale  blue. 
No  lines  nor  bands  were  at  any  time  visible.  For  a  figure  of  a  spotted 
sting  ray  showing  markings  similar  to  those  above  noted  see  figure  9,  plate 
V,  from  Coles's  1913  paper. 

The  foregoing  diverse  facts  with  regard  to  the  color  and  markings  of 
Aitobatus  narinari  may  enable  us  to  understand  the  great  differences  in 
color  which  have  been  recorded  by  the  authors  cited.  It  would  seem  that 
there  are  four  things  to  be  considered  in  reconciling  these  differences: 
(a)  that  there  are  great  variations  in  the  color  of  the  fish ;  (b)  whether  the 
fish  was  alive  or  dead,  and  if  dead  how  long;  (c)  whether  the  fish  was 
fresh  or  preserved,  and  if  preserved  in  what  and  how  long;  (d)  the  age  of 
the  fish  as  shown  by  its  relative  size. 

There  can  be  no  difference  of  opinion  about  the  fact  of  great  natural 
variations  in  ground  color  and  markings.  My  own  observations  on  Beaufort 
fish,  made  on  five  specimens  (three  of  them  alive)  and  on  Coles's  photographs, 
and  on  four  specimens  from  Florida,  show  that  considerable  diversity  exists 
in  our  form.  That  this  is  true  for  those  in  other  waters  is  shown  by  the 
quotations  previously  given  from  various  authors.  Further,  there  can  be 
no  doubt  that  after  death  the  color  changes.  My  living  fish  were  for  the 
most  part  brown  in  color,  but  after  death  showed  a  tendency  to  change 
color,  becoming  dark  or  bluish.  Preserved  specimens  in  formalin  all  turned 
bluish-gray  or  lead-colored,  this  being  due  to  changes  in  the  cuticle,  for 
when  this  was  stripped  off  the  general  color  was  brown.  Not  enough  data 
have  been  collected  to  show  what  effect  age  has  on  the  color  of  the  ray, 
but  it  is  generally  the  rule  that  the  older  fish  may  be  expected  to  be  darker 
in  color. 

From  the  observations  made  by  Mr.  Coles  and  myself,  it  seems  to  be 
the  rule  that  in  young  fish  the  markings  are  regular,  but  that  as  the  fish 
grow  older  the  spots  become  confluent  to  form  various  bizarre  figures. 
These  are  found  mainly  in  the  hinder  part  of  the  body,  where  possibly 
growth  is  more  rapid.  Such  irregular  figures  are  noticeable  on  Coles's 
1912  specimens  (see  fig.  9,  plate  v)  and  on  my  largest  Florida  ray. 
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Since  Annandale's  later  notes  on  A,  narinari  (1910)  go  far  toward 
clearing  up  the  vexed  question  of  color,  I  can  not  do  better  than  quote  them 
in  extenso: 

In  Edinburgh  and  London  there  are  Indian  specimens  that  agree  closely  with  American 
and  South  Sea  specimens  in  the  British  Museum,  while  an  old  female  from  the  Madras 
coast  differs  in  more  respects  than  one  from  all  other  specimens  I  have  seen.  It  appears, 
however,  that  if  very  old  and  very  young  individuals,  in  both  of  which  the  spots  are  obscure 
or  absent,  are  omitted  from  consideration,  three  colour  varieties  may  be  distinguished,  as 
follows: 

Van  A. — Entire  dorsal  surface  of  disk  including  snout,  spotted. 

Var.  B, — Spots  on  the  dorsal  surface  confined  to  the  post-spiracular  part  of  the  disk. 

Var.  C. — ^Spots  confluent  into  short  transverse  streaks. 

Var.  B  is  the  common  variety  in  the  northern  parts  of  the  Bay  of  Bengal,  but  is  by  no 
means  confined  to  Indian  seas.  Var.  A  is  found  off  the  Coromandel  and  Malabar  coasts 
as  well  as  in  the  Atlantic  and  South  Pacific;  while  Var.  C  is  probably  liable  to  occur  in 
diverse  places  as  an  individual  sport. 

The  large  female  recently  taken  by  the  Golden  Crown  is  practically  devoid  of  spots, 
which  appear  to  have  become  almost  obsolete.  Very  young  individuals  are  also  unspotted; 
but  in  them  the  spots  are  just  beginning  to  appear. 

In  this  connection  it  should  be  noted  that  every  specimen  taken  thus 
far  by  Coles  or  myself  belongs  to  Annandale's  variety  A ,  being  spotted  all 
over  the  dorsal  surface,  snout  included.  So  far  as  I  know  no  Atlantic  or 
Gulf  Coast  specimen  has  ever  been  taken  which  would  belong  to  variety  B. 
Variety  C  at  first  blush  would  seem  to  offer  an  explanation  for  the  stripes 
or  bands  sometimes  found  on  our  specimens,  but  it  seems  to  have  streaks 
only  and  not  spots.  In  this  connection  mention  should  be  made  of  Mylio- 
batis  asperrimuSf  a  beautiful  ray  from  the  Bay  of  Panama,  which  has  its 
dorsal  surface  marked  off  by  8  to  10  transverse  bluish-white  bars  and  by 
numerous  round,  white  spots.  This  ray  was  first  described  by  Jordan  and 
Evermann  (1898),  but  they  quoted  the  then  unpublished  paper  of  Gilbert 
and  Starks,  which  appeared  in  1904  under  the  title  "The  Fishes  of  Panama 
Bay"  and  which  contains  an  elegant  figure  of  the  ray. 

I  have  been  able  to  find  but  four  records  for  young  specimens  of  Aetobatus 
narinari.  Jordan  (1895),  in  his  "Fishes  of  Sinaloa,"  says  that  he  has  had 
five  **  large  "  specimens,  each  15  inches  long  exclusive  of  the  tail.  Seven 
Beaufort  rays  run  in  length  16,  18,  18 J^,  19,  26,  263^,  and  36  inches;  while 
four  from  Key  West  measured  23,  24,  24)^,  and  44  inches.  Of  these  only 
the  last  of  each  set  can  be  called  large.  Neither  Jordan's  specimens  nor 
the  smaller  ones  noted  above  can  be  so  designated,  and  it  is  quite  certain 
that  all  were  very  young.  The  males  of  all  my  specimens,  save  the  big 
one  from  Key  West,  had  very  short  claspers,  indicating  immaturity.  This 
one  was  5  feet  2  inches  wide  and  had  claspers  3^  inches  long.  These, 
however,  are  considerably  shorter  than  such  appendages  on  a  Dasyalis  ray 
of  the  same  size. 

As  corroboratory  evidence  of  the  youth  of  these  rays  the  following 
facts  may  be  cited.  Elsewhere  (Gudger  1910)  the  writer  has  reported  the 
bringing  into  the  world  by  Caesarian  operation  of  two  young  Rkinoptera 
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bonasus,  83^  inches  long  by  13^^  wide.  Bleeker  has  in  the  same  way 
obtained  the  young  of  R.  javanica  20  inches  wide.  Later  (Gudger  191  2a) 
the  writer  captured  by  seining  young  R.  bonasus  only  13  inches  long.  There 
is  but  little  difference  in  size  between  the  adults  of  these  two  rays,  this,  if 
any,  probably  being  in  favor  of  Aitobatus.  If  it  is  agreed  that  the  fish  noted 
in  the  preceding  paragraph  are  young,  then  attention  is  called  to  the  fact 
that  all  were  normal  in  coloring,  mine  all  having  spots  over  the  whole 
dorsal  surface. 

Giinther  (1910)  corroborates  this  by  his  description  of  a  young  male 
from  the  South  Seas,  which  measured  11  inches  (long  presumably)  and 
whose  tail  was  43  inches  long.  Its  whole  upper  surface  was  beset  with 
round  spots,  a  few  being  found  on  the  head.  However,  Cantor  (1849) 
had  a  young  specimen  from  Indian  waters  which  was  only  7^  inches  long 
by  1 1 5i  wide  with  a  2-spined  tail  33%  inches  in  length.  This  was  greenish- 
olive  or  greenish-gray  above  and  lacked  spots  on  the  head  and  anterior 
margin  of  the  pectorals.  Likewise,  Day  (1878)  writes  that  in  the  young 
of  the  Indian  form,  in  which  the  greenish-olive  or  leaden-gray  adults  have 
the  body  usually  covered  with  numerous  dirty-white  or  bluish  spots,  the 
back  is  of  a  deep  leaden  color  and  the  spots  are  hardly  apparent. 

Annandale  (1910)  tells  us  that  the  very  young  specimens  of  A.  narinari 
are  either  unspotted  or  have  spots  just  beginning  to  appear,  thus  corroborat- 
ing Cantor  and  Day.  He  had  two  Indian  specimens  whose  respective 
measurements  were:  breadth  23.2  and  20.4  cm.;  length  13.7  and  12.4  cm.; 
and  whose  tails  measured  57  and  47.5  cm.  long.  His  fine  figure  of  the  larger 
of  these  young  males  is  reproduced  herein  as  figure  17,  plate  vii.  It  is 
entirely  devoid  of  spots,  whereas  both  Jordan's  smallest  specimens  and 
mine  also  were  beautifully  marked. 

Klunzinger  (1871)  is  the  only  student  of  this  ray  who  has  obtained 
an  unborn  young,  and  he  contents  himself  with  saying  that  it  measured 
12  centimeters.  At  Cape  Lookout,  in  1912,  Coles  (1913)  was  so  very 
fortunate  as  to  witness  the  giving  birth  to  several  young  by  a  female 
which  he  had  just  caught.  These  young  were  uniformly  spotted  all  over 
the  body,  the  spots  being  fewer  in  the  head  region;  these  may  be  seen 
in  figures  9  and  11,  plate  v,  while  figure  18,  plate  vii,  is  a  photograph  of 
one  of  these  young  taken  after  some  months'  preservation  in  formalin  or 
alcohol.  It  will  be  noticed  that  the  spots  are  much  fainter  and  seemingly 
fewer  in  the  preserved  specimen.  This  particular  little  ray  was  286  mm. 
wide,  171  mm.  long,  while  its  tail  measured  634  mm. 

The  question  of  the  presence  or  absence  of  lines  or  bands  across  the 
dorsal  surface  of  the  spotted  eagle  ray  is  a  most  interesting  and  puzzling 
one.  They  are  sometimes  present,  usually  absent;  they  are  sometimes 
bands,  generally  lines  when  present  at  all.  In  connection  with  the  de- 
scription of  one  of  the  specimens  from  Florida,  an  explanation  of  the  lines 
on  its  dorsum  has  been  given  (page  269).  They  are  due  to  the  presence 
between  the  skin  and  the  flesh  of  canals  filled  with  liquid,  possibly  blood. 
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However,  some  fish  have  bands,  and  on  the  last  day  of  my  stay  at  Beaufort 
in  1910  I  believe  I  hit  upon  the  proper  explanation.  In  pulling  off  some  of 
the  skin  from  the  back  of  a  formalin  specimen,  I  found  that  under  the 
bands  in  the  skin  there  were  distinctly  marked-oflF  brown  stripes  in  the 
flesh.  It  may  be  that  these  two  explanations  are  based  on  two  different 
manifestations  of  the  same  phenomenon,  namely  that  these  underlying 
vessels  not  only  mark  off  and  give  rise  to  the  transverse  lines,  but  that  after 
death  or  in  preserved  specimens  the  coloring  matter  from  their  liquid 
contents  (perhaps  the  hemoglobin  of  blood)  soaks  out,  discoloring  the  over- 
lying flesh  and  skin,  thus  causing  the  formation  of  bands. 

The  facts  are  that  in  life  these  lines,  stripes,  or  bands  are  either  wanting 
or  so  faint  as  to  be  invisible  not  only  to  the  eye  but  also  to  the  photographic 
plate  after  a  long  exposure  with  good  light  and  with  a  very  small  diaphragm ; 
whereas  after  death,  and  especially  after  preservation  in  formalin,  these 
markings  are  apt  to  show  up  fairly  clearly.  What  effect  immersion  in 
alcohol  would  have,  can  only  be  conjectured,  but  it  is  quite  certain  that 
the  specimen  from  which  Jordan  and  Evermann's  figure  was  drawn  had  for 
a  considerable  time  been  in  alcohol.  However,  Claude  d'Abbeville  (1614) 
says  that  the  whole  (upper?)  body  is  covered  with  black  and  white  lines, 
and  his  specimen  or  specimens  would  hardly  have  been  other  than  fresh. 
But  on  the  other  hand  Mr.  Coles  says  positively  that  after  examining  more 
than  100  fresh  specimens  at  Cape  Lookout  he  has  never  yet  seen  one  with 
transverse  bars  or  bands. 

Before  leaving  the  question  of  markings,  it  should  be  noted  that  it  has 
been  reported  by  various  authors  that  the  hinder  edges  of  the  pectorals 
in  A.  narinari  are  margined  with  white,  while  by  others  they  are  reported 
to  be  black.  Indeed,  the  present  writer  has  himself  noted  both  kinds  of 
margins.  The  explanation  for  this  apparent  anomaly  seems  to  be  as  follows : 
The  fish  grows  to  some  extent  by  additions  to  the  hinder  edges  of  the  pec- 
torals. On  these  edges  the  spots  form  fairly  regular  rows.  Consequently 
at  one  stage  of  development  of  the  fish,  the  pectorals  will  be  margin^  with 
white;  a  little  later,  as  the  fish  grows,  these  white  margins  form  spots  which 
apparently  move  forward  and  the  margin  is  found  to  be  black  or  at  any 
rate  darkish.     In  various  specimens  all  such  gradations  may  be  found. 

During  the  summer  of  1913,  Mr.  Coles  took  at  Cape  Lookout  two  ab- 
normally colored  specimens  of  A.  narinari,  the  data  concerning  which  he 
has  kindly  put  at  my  disposal.  The  first  was  an  albino  female  3  feet  4 
inches  wide,  2  feet  6}^  inches  long  snout  to  ventrals,  and  5  feet  loj/^  inches 
over  all.  Swimming  in  water  3  feet  deep,  this  fish  appeared  to  be  perfectly 
white,  but  after  capture  (in  a  seine)  it  was  seen  to  be  covered  with  light 
olive  and  brownish-green  markings,  which  became  plainer  as  the  body  was 
exposed  to  the  air  and  sun.  Description  can  not  do  justice  to  this  beauti- 
ful specimen,  which  is  shown  in  plate  vi,  figure  12^4. 

On  the  following  day,  Mr.  Coles  took,  almost  in  the  same  place,  another 
A.  narinari,  which  at  first  seemed  to  be  totally  black,  but  exposure  to  the 
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light  and  air  revealed  the  presence  of  a  few  small,  widely  scattered  light 
spots.  Since  showing  me  the  photograph,  Mr.  Coles  has  misplaced  both  it 
and  the  film,  and  it  can  not  be  reproduced  here.  This  fish  was  a  male  4  feet 
9  inches  wide,  3  feet  2  inches  long,  and  8  feet  5  inches  long  over  all. 

From  all  the  data  cited  in  this  section  it  is  clear  that  the  spotted  eagle 
ray  is  subject  to  wide  variation  in  color  and  markings. 

TAIL  AND  SPINES. 

On  a  preceding  page  there  is  a  table  in  which  the  lengths  of  the  tails  of 
the  various  specimens  previously  described  are  given  both  in  absolute 
measurement  and  in  proportion  to  the  length  of  the  body.  Very  great 
variations  and  discrepancies  are  met  with,  and  none  greater  than  in  the 
account  of  the  first  describer.  Abbeville  (1614)  writes  that  his  fish  is  6 
feet  (pieds)  wide  and  as  many  long  and  has  a  tail  a  fathom  (brasse)  long 
with  a  spine  about  a  full  foot  {un  grand  pied)  long,  whereupon  he  unneces- 
sarily adds  "and  very  dangerous." 

Marc^ave's  specimen  had  a  tail  5  inches  thick  at  the  root  and  43<^  feet 
long,  armed  with  two  spines  3  inches  long,  curved  like  fishhooks,  and  placed 
just  behind  the  inch-long  dorsal.  His  figure  and  the  water-color  painting 
from  which  it  was  reproduced  both  have  the  spines  with  a  single  barb  on 
each  pointing  toward  the  head. 

Piso  (1648)  says  that  the  spine  approaches  the  form  of  an  arrowhead. 

Omitting  reference  to  those  older  authors,  who  quote  Marcgrave  without 
adding  anything  to  our  knowledge,  we  next  take  up  Sloane's  (1725)  illu- 
minating description  of  the  tail  of  the  whip  ray: 

The  tail  was  six  Foot  long,  black,  small  and  smooth,  of  which  are  made  Whips,  whence 
the  name  Whip-Ray,  beyond  the  Pinna  at  the  End  of  the  Body  or  in  the  Beginning  of  the 
tail  lie  one,  two,  or  three  Inch  and  half  long  flat  streight  Bones  or  Radij,  they  are  white, 
serrated  with  Teeth  on  both  Sides  like  a  Saw,  made  so  as  an  Arrow  that's  bearded,  to  enter 
the  Flesh  easily  but  not  to  come  out  without  tearing  it,  they  lie  one  on  another  on  the  upper 
Part  of  the  Tail,  where  there  is  a  Hollow  or  Cavity  made  to  receive  them  like  a  Sheath, 
that  they  may  swim  with  less  Impediment,  and  only  use  them  on  Occasion. 

If  the  reader  will  now  turn  to  figure  7,  plate  iv,  wherein  are  shown  Quoy 
and  Gaimard*s  five-stinged  tail  and  my  Beaufort  specimen  with  four  stings, 
he  will  see  how  exactly  Sloane  has  described  tail  and  stings.  However, 
Sloane  is  in  error  in  placing  the  spines  in  a  hollow  or  cavity  on  the  upper 
part  of  the  tail.  In  the  large  dried  tail,  referred  to  above  and  described 
later,  there  is  no  distinct  cavity,  but  there  is  a  flattening  with  a  very  slight 
concave  surface  due  probably  to  drying.  The  spines,  of  course,  offer  no 
impediment  to  the  fish's  movements. 

Save  Sloane  only,  none  of  the  older  writers  give  so  good  a  description  of 
the  tail  as  Euphrasen  (1790).  His  preserved  specimen  had  a  tail  flat, 
whip-like,  growing  smaller  from  base  to  tip,  three  times  longer  than  the 
body,  bearing  at  its  base  a  small  subtriangular  dorsal  fin.  Behind  this 
were  two  stings,  the  hinder  twice  as  long  as  the  anterior,  both  flattened 
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sidewise  with  their  barbs  turned  backward.  His  figure  (fig.  5,  plate  iii) 
is  not  so  good  as  his  description ;  the  stings  are  entirely  too  long,  the  shafts 
too  slender,  and  the  barbs  too  fine  and  long. 

Russell's  Eel  Tenkee  (1803)  had  a  **tail  of  great  length"  (5  feet  2  inches 
long  compared  to  a  body  width  of  2  feet  10  inches),  tapering  to  a  fine  point, 
darker  in  color  than  the  body  (true  of  all  the  specimens  I  have  examined), 
bearing  a  small  dorsal  fin  and  behind  it  a  spine.  In  his  drawing,  both  fin 
and  spine  are  placed  too  far  forward,  between  the  ventral  fins. 

Quoy  and  Gaimard's  (1824)  5-spined  tail,  previously  referred  to,  is 
reproduced  as  A  in  figure  7,  plate  iv;  J5  in  the  same  figure  is  a  dried  tail 
presented  to  me  by  Mr.  W.  H.  Shelton,  of  Beaufort.  The  photograph  was 
made  by  laying  the  tail  on  the  plate  in  the  Atlas  of  the  "Voyage  of  the 
Uranie,**  and  having  put  a  piece  of  black  paper  underneath  the  white  spines, 
a  long  exposure  was  made  with  a  very  small  diaphragm.  Of  their  specimen, 
which  has  the  largest  number  of  spines  on  record  of  any  sting  ray  of  any 
kind,  these  authors  state  that  "the  particular  form  of  its  tail,  armed  with 
five  very  long  spines  barbed  and  hooked  along  the  edges,  leads  us  to  name 
it  the  ray  of  the  five  spines,  Raia  quingueaculata,'^  In  the  section  on  species, 
the  question  whether  or  not  this  is  an  Aetobatus  will  be  taken  up.  Suffice 
it  to  say  here  that  it  is  undoubtedly  a  whip-tailed  ray  and  possibly  an 
Aetobatus, 

Ruppell's  (1835)  Myliobatis  eeltenkee,  from  the  Red  Sea,  is  identical 
with  Russell's  Indian  ray  from  which  the  specific  name  is  taken.  Beyond 
noting  that  the  spine  is  "robust"  and  the  tail  four  times  the  length  of  the 
body,  there  is  nothing  in  his  description  to  detain  us. 

Miillerand  Henle's  (1841)  description  of  Aetobatis  wariwan  is  wonderfully 
accurate  in  all  points.  Of  the  tail,  which  is  more  than  three  times  the 
length  of  the  body,  they  say  that  in  the  region  anterior  to  the  dorsal  fin  it  is 
triangular  in  section,  while  behind  the  spine  it  is  compressed  and  has 
distinct  lateral  grooves.  These  structures,  with  the  exception  of  the  lateral 
grooves,  I  find  present  in  the  4-spined  tail  previously  referred  to;  while  the 
triangular  form  of  the  base  of  the  tail  extends  to  the  end  of  the  last  and  longest 
spine.  The  lateral  grooves  are  found,  however,  in  another  dried  tail  in  my 
possession. 

Lichtenstein  (1844)  tells  us  that  Forster's  JRaja  edentula  had  a  very  long, 
attenuate,  cylindrical  tail,  three  times  the  length  of  the  body  of  the  fish ;  while 
behind  the  short  dorsal  were  twin  spines  hooked  and  biserrate  to  the  very  tip. 

When  Gunther  (1870)  made  his  "Catalogue  of  the  Fishes  in  the  British 
Museum,"  he  found  therein  two  (dried?)  tails,  but,  beyond  noting  that  one 
had  four  and  the  other  five  spines,  he  gives  no  description  of  them. 

Klunzinger  (1871)  describes  the  tail  of  the  spotted  sting  ray  from  the 
Red  Sea  as  thick  only  at  the  root,  long,  whiplash-like,  slightly  compressed, 
and  smooth.  The  pointed,  saw-toothed  spine,  which  is  twice  the  length  of 
the  eye,  is  situated  on  the  base  of  the  tail  just  anterior  to  the  hinder  edge 
of  the  ventral  fins.  Day  (1878)  is  the  only  author  who  notes  with  Miiller 
and  Henle  that  the  base  of  the  tail  is  triangular  as  far  as  the  spine. 
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Jordan  and  Evermann  (1896)  say  of  the  eagle  V3,ys  in  general  that  they 
have  long  whiplash  tails  with  a  spine  behind  the  dorsal  fin,  while  nothing  is 
said  of  the  spines  of  Aetobatus  narinari.  Later,  however,  Jordan  himself, 
in  volume  iii  (1898),  says  of  A,  laticeps  (Gill),  which  he  believes  to  be 
identical  with  A.  narinari,  that  its  anterior  caudal  spine  equals  the  length 
of  the  base  of  the  dorsal,  which  in  turn  is  half  the  length  of  the  second 
spine.  This  the  present  writer  has  found  to  be  true  of  every  2-spined 
tail  examined.  Euphrasen,  however,  was  the  first  to  note  this  peculiarity. 
Miranda  Ribeiro  (1907)  says  that  the  filiform  tail  may  have  from  one  to 
five  spines  behind  the  small  dorsal,  but  Gunther  (1910)  affirms  that  one  is 
the  rule  though  there  may  be  more. 

The  tail  of  Aetobatus  narinari  is  always  armed  with  one  and  ordinarily 
with  two  or  three  spines,  while  the  number  may  rise  to  four  or  five  as 
recorded  by  Gunther  (1870)  and  as  shown  in  figure  7,  plate  rv,  of  my  best 
Bieaufort  specimen  and  of  Quoy  and  Gaimard's  plate,  which  has  been  pre- 
V  ously  described.  My  notes  on  the  tail  structures  of  Beaufort  specimens 
are  not  so  full  as  could  be  wished  for,  but  the  following  data  are  given  to 
supplement  what  has  preceded.  My  first  specimen,  taken  June  12,  1909, 
had  a  tail  4oJ^  inches  long,  armed  with  two  spines.  My  second,  taken  by 
Coles  at  Cape  Lookout  July  3  of  the  same  year,  had  a  tail  35 J^  inches  in 
length,  likewise  bearing  two  spines,  the  anterior  three-fourths  of  an  inch 
long,  the  posterior  2  J^  inches. 

During  1910,  I  examined  three  fine  specimens.  The  first  had  a  33-inch 
tail  bearing  two  spines,  the  first  of  which  measured  i  inch,  the  second  2}/$. 
Specimen  No.  2  possessed  a  tail  39)^  inches  long,  bearing  only  one  spine 
and  it  but  three-fourths  of  an  inch  long.  This  was  evidently  a  regenerating 
structure,  for  the  faint  groove  back  of  the  dorsal  showed  plainly  that  a 
spine  or  spines  had  been  torn  out.  My  best  Beaufort  specimen  for  1910 
was  No.  3,  which  came  into  my  hands  while  yet  alive.  Its  tail  bore  three 
spines,  the  anterior  ij^  inches  long,  the  middle  one  (nearly  torn  off  in  the 
net)  iJ4  inches,  the  posterior  2  inches  in  length.  This  tom-off  sting  had 
two  roots. 

Mr.  Coles's  (1910)  largest  spotted  ray  was  5%  feet  wide,  3  feet  in  length, 
and  had  a  tail  5^  feet  long  bearing  four  spines,  but  these  were  unfortunately 
not  measured.  Dr.  R.  E.  Coker,  when  director  of  the  Beaufort  Laboratory, 
recorded  in  1901  the  capture  in  the  outer  harbor  of  a  spotted  ray  4  feet  wide 
and  2  feet  2  inches  long,  with  a  tail  4  feet  8  inches  in  length.  Tail  and 
spines  (which  have  been  excised)  are  preserved  in  the  museum  of  the  station. 
The  short  sting  is  2  5^  inches  long  and  has  two  short  roots.  The  longer 
sting  measured  4J^  inches  and  has  a  blunted  single  root  which  bears  evidence 
of  having  been  cut  off  with  a  knife.  The  tail  is  black  and  has  a  slight 
ventral  keel. 

The  4-spined  tail,  previously  referred  to  and  shown  in  figure  7,  plate  iv, 
is,  after  2}4  y^ars  of  drying,  4  feet  long.  Of  its  four  spines  the  first  is 
2  inches  long,  the  second  (which  lacks  a  fraction  of  the  tip)  is  4  J^  inches, 
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the  third  5  inches,  and  the  fourth  is  63^  inches.  The  base  of  the  tail  as 
far  backward  as  the  tip  of  the  second  spine  is  triangular  in  cross-section. 
Behind  that  it  is  rectangular  with  the  top  and  bottom  planes  slightly  bowed 
or  arched  outward.  The  tails  of  Mr.  Coles's  huge  specimens  of  1912  (see 
page  268)  each  bore  four  spines.  These  are  shown  for  one  specimen  in 
figure  9,  plate  v. 

The  data  given  above  for  the  writer's  own  specimens  are  from  Beaufort 
rays.  Now  there  will  be  given  similar  data  for  Key  West  fish  taken  in  191 3. 
Ray  No.  i  was  2  5^  feet  wide,  2  feet  J^  inch  long,  and  had  a  tail  measuring 
3  feet  1 5^  inches.     Its  anterior  spine  was  i  J^,  its  posterior  i54  inches  long. 

Ray  No.  11,  2%  feet  wide,  i  foot  11  inches  long,  had  a  tail  3  feet  8J/^ 
inches  in  length.  Its  three  spines  were  respectively  i^^,  2,  and  i^  inches 
long.  No.  Ill  was  2  feet  10  inches  in  width,  2  feet  in  length,  with  a  tail 
measuring  5  feet.  Its  three  spines  going  from  front  to  back  were  i  J^  inches, 
2ji,  and  ij^  inches. 

Key  West  ray  No.  iv  was  much  the  finest  specimen  I  have  ever  had, 
approximating  in  size  Coles's  giant  specimens  from  Cape  Lookout.  Its 
width  from  tip  to  tip  of  pectorals  was  5  feet  2  inches,  length  from  tip  of 
snout  to  end  of  ventrals  3%  feet,  length  of  tail  only  6  feet  10  inches,  length 
all  over  9^  feet,  weight  120  pounds.  Like  my  best  Beaufort  specimen,  it 
had  four  spines,  but  the  front  spine,  torn  loose  and  hanging  by  a  shred  of 
skin,  measured  only  2  inches;  the  others  were  perfectly  nor- 
mal and  measured  4^^,  5,  and  4^  inches  long. 

Various  authors,  notably  Jordan  and  Evermann  (1898), 
give  as  a  specific  character  of  Aetobatus  narinari  that  the 
second  spine  is  twice  the  length  of  the  first.  Where  there 
are  more  than  two,  and  especially  when  there  are  as  many 
as  four  or  five  spines,  there  is  a  fairly  regular  gradation  in 
size.  Coles  (1910)  says  that  if  one  spine  is  torn  out  the 
one  immediately  in  front  grows  larger  to  take  its  place. 
My  own  observations  are  confirmatory  of  this  point. 

It  should  be  noted  here,  however,  that,  perhaps  as  the 
result  of  this  multiple  spine  formation,  the  largest  spine 
of  the  spotted  ray  is  uniformly  smaller  than  that  in  a 
Stingaree  of  the  same  size.  The  ordinary  sting  rays, 
however,  not  infrequently  have  two  spines,  in  which  case 
generally,  if  not  always,  the  anterior  sting  is  the  larger. 
This  is  true  of  the  several  dried  tails  in  the  possession  of 
the  writer,  one  of  which  has  four  stings. 

Attention  is  called  just  here  to  an  interesting  difference 
in  the  root  structure  of  the  spines  of  these  two  kinds  of 
rays,  which  structure  has  never,  so  far  as  the  writer        Text-fig.  5. 
knows,  been  recorded.    Text-figure  5  is  a  photograph  of 
two  of  these  spines:  Fig.  A  represents  that  of  Dasyatis  say,  Fig.  B  that  of 
ABtobatus  narinari.    The  sting  of  Dasyatis  say  which  is  torn  off  with  diffi- 
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culty,  seems  to  have  no  definite  bony  root,  but  to  be  connected  with  the 
tough,  leathery  sldn  of  the  tail  by  a  single  growth.  The  spine  of  A .  narinari^ 
which  is  easily  torn  from  the  tail,  has  a  bifurcated  root  in  all  the  Beaufort 
and  Key  West  specimens  examined  by  me.  In  confirmation  of  this  point 
see  page  276  for  description  of  the  spines  of  this  ray  preserved  by  Dr. 
Coker  in  1901.  One  has  a  double  root,  while  the  other  has  had  the  lower 
end  cut  off.  The  only  other  figure  of  such  a  spine  is  that  of  Myliobatis 
punctatus,  figured  but  not  described  by  Maclay  and  Macleay  (1886).  This 
is  reproduced  here  in  figure  21,  plate  viii.  It  is  bifurcated  also,  but  less 
markedly  so  than  that  of  A.  narinari,  B  in  text-figure  5. 

The  single  dorsal  fin  is  situated  on  the  root  of  the  tail  just  before  the 
spines.  The  tail  under  it  is  triangular  in  cross-section,  the  dorsal  being 
situated  on  the  base  of  the  triangle.  In  the  photograph  of  the  4-spined 
tail  from  Beaufort  the  anterior  part  of  the  fin  has  been  cut  off,  but  the 
posterior  portion  shows  a  marking  of  which  I  have  nowhere  found  mention 
and  which,  being  found  in  every  specimen  save  one  (and  it  in  a  bad  state 
o{  preservation)  which  I  have  critically  examined,  seems  to  be  quite  constant. 
This  is  the  white  splotch  placed  more  or  less  vertically  on  the  hinder  edge 
of  the  dorsal,  but  having  around  it  alwajrs  a  dark  margin.*  In  small 
specimens  this  splotch  covers  the  greater  portion  of  the  fin,  but  in  old  and 
large  fish  it  is  mainly  in  the  upper  and  hinder  portion.  Other  markings, 
which  I  have  noted  on  the  tails  of  all  these  rays  examined  carefully,  are  a 
white  spot  (occasionally  two)  at  the  base  of  the  dorsal  fin,  a  long  white 
splotch  or  streak  underneath  the  spines,  and  below  this  (on  the  side  of  the 
tail)  a  long,  pointed,  dark  streak.  This  is  true  of  Key  West  rays  and  of  Mr. 
Coles's  huge  specimens  taken  in  1912  (see  fig.  9,  plate  v).  Klunzinger  (1871) 
notes  that  his  Red  Sea  specimen  had  a  tail  which  was  black  everywhere  save 
underneath  the  root,  where  it  was  white. 

Another  curious  marking  which  I  have  found  on  tails  of  both  small  and 
large  specimens  from  Beaufort  and  Key  West,  results  from  the  presence  of 
irregular,  discontinuous  dark  indentations  running  vertically  on  the  sides 
of  the  tail  from  mid-dorsal  to  mid-ventral  line,  thus  giving  the  taU  an 
appearance  which  may  perhaps  be  best  described  as  s^;mented.  These 
indentations  are,  in  some  cases  at  least,  opposite  each  other  near  the  base 
of  the  tail,  but  farther  away  are  placed  "staggered,"  i.  «.,  one  on  the  right 
placed  about  half-way  between  two  on  the  left,  and  at  a  considerable  distance 
from  each  other.  At  the  base  of  the  tail,  near  the  spines,  these  indentations 
may  be  as  near  as  half  an  inch,  but  toward  the  tip  the  spaces  inclosed  may 
be  as  much  as  2  or  3  inches  long.  On  all  the  Key  West  specimens  these 
markings  are  very  clear.  I  find  these  markings  also  on  the  dried  tails  of 
another  Beaufort  Myliobatid,  Rhinoptera  bonasus. 

But  one  record  of  this  has  come  to  light.  Jordan  and  Evermann  (1898) 
in  volume  iii  of  their  **  Fishes  of  North  and  Middle  America,"  speak  of  the  tail 
of  a  Panama  ray,  Myliobatis  asperrimus,  heretofore  referred  to,  as  "crossed 

. . . • — ;— * 

>  This  spot  is  figured  but  not  referred  to  in  Dum(ril's  A.  latirostris,  fig.  8,  plate  xv. 
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by  numerous  narrow  grooves,  or  indented  lines,  mostly  convex  forward, 
somewhat  irregular  in  position  and  direction,  and  not  corresponding  on  the 
two  sides.  In  the  type  they  follow  at  an  average  interval  of  about  10  mm." 
See  also  Gilbert  and  Starks  ( 1 904) .  This  marking  may  be  a  family  character. 
It  certainly  is  a  curious  phenomenon  and  worthy  of  further  investigation. 

The  tail  of  the  spotted  eagle  ray  is  long,  slender,  whip-like,  and  behind 
the  region  of  the  spines  is  dark  in  color  and  often  a  velvety  black.  In  life  it 
is  rounded  or  but  slightly  flattened,  but  dried  or  preserved  specimens,  which 
have  been  hardened  or  shrunk  by  the  preservative,  are,  as  previously  noted, 
triangular  in  cross-section  in  the  region  of  the  dorsal  fln  and  spines,  while 
further  back  they  are  rather  rectangular  in  shape  with  the  dorsi-ventral 
axis  about  twice  as  long  as  the  horizontal  one.  The  dorsal  and  ventral 
surfaces  in  dried  specimens  are  slightly  curved  outward,  while  the  sides  are 
often  insunken.  At  the  hinder  part  of  the  dorsal  flattening,  immediately 
under  the  spines,  there  is  a  (slight)  cavity  as  first  noted  by  Sloane  (1725) 
and  by  no  one  else.  However,  in  none  of  the  specimens  examined  by  the 
writer  is  it  large  enough  to  receive  even  the  one  spine  immediately  over  it, 
much  less  the  whole  collection,  as  Sloane  thought.  His  idea  that  the  ray 
thus  concealed  the  spines  lest  they  should  be  an  impediment  while  swimming 
has  of  course  no  foundation.    See  his  statement  on  page  274. 

The  ventrally  directed  apex  of  the  triangular  cross-section  of  the  base 
of  the  tail  forms  a  kind  of  keel.  This  keel  extends  backward  on  the  ventral 
side  of  the  tail  for  a  considerable  distance  as  a  fairly  distinct  body,  but 
nothing  of  the  kind  has  been  found  on  the  dorsal  surface.  The  tail  of  Dr. 
Coker's  specimen,  elsewhere  referred  to,  is  black  and  shows  a  slight  ventral 
keel.    This  fact  has,  I  believe,  not  been  recorded  before. 

In  the  largest  Key  West  specimen  the  apex  of  the  triangle  forms  a 
plainly  marked  keel  on  the  ventral  surface  of  the  root  of  the  tail.  This 
extends  in  the  dried  tail  in  diminishing  size  backward  as  far  as  the  tip  of 
the  last  spine.  In  this  same  dried  tail  on  the  ventral  surface,  about  the 
middle  of  its  length,  is  a  very  small  but  plainly  perceptible  keel.  This, 
however,  may  possibly  be  the  result  of  desiccation.  In  none  of  these 
specimens  is  the  tail  finned,  though  we  may  expect  to  find  an  embryonic 
finfold  in  the  tail  of  the  larval  forms. 

The  table  on  page  261  records  the  lengths  of  the  body  and  tail,  absolutely 
and  in  relation  to  each  other,  for  every  specimen  for  which  measurements 
have  been  given.  Ordinarily  the  tail  is  said  to  be  23^  or  3  to  4  times  the 
length  of  the  body  Qordan  and  Evermann,  1896,  and  Smith,  1907).  The 
extremes  are  that  the  length  of  tail  varies  from  i  to  6.2  times  body  length, 
the  average  being  2.9  for  28  specimens,  counting  in  these  wide  variants. 
Excluding  the  extremes,  the  average  tail  is  2.7  times  the  average  body  in 
length  in  26  specimens.  The  wide  variations  recorded  in  this  table  are 
easily  explained  as  follows.  It  is  rather  unusual  to  find  a  specimen  other 
than  a  young  one  with  a  perfect  tail,  and  the  larger  and  older  an  eagle  ray 
is  the  more  likely  is  it  to  have  suffered  mutilation  in  its  caudal  appendage. 
Mr.  Coles  assures  me  that  such  has  been  his  experience. 
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My  largest  and  most  perfect  specimen  from  Beaufort  had  a  length 
of  26.5  inches  and  a  tail  measuring  but  27.8  indies,  the  ratio  being  i  :  1.05. 
This  tail  had  plainly  suffered  amputation,  as  had  the  tail  of  four  spines 
elsewhere  referred  to.  Both  were  enlarged  and  bent  at  the  tip,  the  extreme 
point  being  somewhat  smaller  than  the  part  just  anterior  to  it.  Both  some- 
what resemble  fingers  amputated  beyond  the  last  joint.  Only  the  very  young 
rays  have  fine  slender  tails. 

My  largest  Key  West  specimen,  which  was  a  full-grown  male,  was  3^ 
feet  long  and  possessed  a  tail  6  feet  10  inches  long;  the  ratio  being  i  :  1.9. 
For  so  large  a  ray  this  one  had  a  very  long  and  slender  tail,  but  about 
midway  of  its  length  there  b  a  very  prominent  knot,  showing  that  it  had 
been  broken  but  had  grown  together  again.  Still  further  back  is  a  marked 
bend,  showing  that  it  had  been  injured  there  also.  The  tip  itself  looks  as  if 
it  had  been  abbreviated. 

Annandale  (1910)  found  the  back  and  tail  of  a  large  female  A.  narinari 
from  the  Bay  of  Bengal  to  be  studded  with  ''small  star-shaped  denticles. 
On  the  head  these  are  sufficiently  close  together  to  form  a  regular  pavement, 
while  on  the  tail  they  have  a  spinous  character."  Nothing  of  the  kind  has 
ever  been  noticed  on  any  of  my  specimens,  not  even  on  the  largest,  but 
Jordan  and  Evermann  (1898),  in  describing  Myliohatis  asperrimus  from 
Panama  Bay,  say  that  it  has  the  greater  part  of  the  dorsal  surface  of  the 
body  and  tail  covered  with  minute  stellate  prickles. 

HEAD  AND  SNOUT. 

Jordan  and  Evermann's  figures  of  Aetobatus  narinari  are  possibly  the 
best  we  have,  but  compared  with  those  found  in  this  paper  they  show  cer- 
tain marked  differences  in  the  head  region.  In  their  drawing  the  head  seems 
to  stand  sharply  above  the  level  of  the  body,  but  the  photographic  lateral 
view  (fig.  13,  plate  vi)  shows  that  this  is  not  true,  the  body  in  the  head  region 
being  slightly  thinner  than  it  is  further  back.  In  the  drawing  the  lower  and 
outer  edges  of  the  spiracles  are  much  more  strongly  marked  than  in  the 
photographs.  In  the  living  fish  there  is  little  or  no  line  of  demarcation; 
the  skin  continues  from  the  dorsal  surface  of  the  body  into  the  spiracle 
without  break,  as  is  attested  by  the  fact  that  spots  are  found  within  its 
cavity.    Various  figures  (on  plate  vi)  show  this  admirably. 

In  the  drawing  the  eyes  show  very  prominently;  in  the  photograph 
(fig.  I,  plate  i)  as  in  the  five  living  or  just  dead  and  the  four  preserved  speci- 
mens examined  by  the  writer,  they  are  not  visible  from  above  since  they  are 
hidden  by  the  lateral  projections  of  the  head  in  front  of  the  spiracles.  In 
Dum^ril's  drawing  from  the  preserved  specimen  they  are  barely  vbible 
(fig.  8,  plate  iv). 

In  the  photograph  (fig.  i,  plate  i)  the  snout  is  seen  to  be  pointed  and 
of  moderate  length.  Being  below  the  general  level  of  the  body  region,  and 
the  camera  being  focused  on  the  mid-dorsal  region,  the  head  is  not  shown  to 
best  advantage,  being  somewhat  foreshortened.    However,  the  ventral  view 
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(fig.  2,  plate  i)  shows  the  snout  in  perfect  focus.     Here  it  is  seen  to  be  long, 

rather  slender,  and  distinctly  sharp-pointed.     It  is  in  marked  contrast  with 

text-figure  4,  which  is  Jordan  and  Evermann's  ventral  view. 

In  this  connection,  it 

is  of  interest  to  contrast 

with   my  photographs 

Annandale's  outline 

figuresof  the  snout^nd 

mouth  parts  of  other 

eagle  rays  (text-fig.  6). 

A   shows  mouth  parts 

and  snout  of  A.flagd- 

lum,  B  oi  A.  guttata^ 

while    C    purports    to 

be  a   reproduction   of 

Jordan  and  Evermann's 

figure,    showing   these 

structures  in  A,  nari^ 

^^^j     ij^«,^,,^^  «  r^^    Text-fig.  6.— Ventral  views  of  heads  of:  A,  A.  flageUum; 

nart.   However,  a  com-       ^    .       .»  *     n   a  -     kc^     k        j  1 

,     ,  . '  B,  A.  guttata;  C,  A,  nartnart.    After  Annandale,  1910. 

panson  of  this  figure 

with  the  original  (text-fig.  4)  will  show  how  much  the  artist  has  erred.     If 

the  snout  of  my  figure  2,  plate  i,  were  drawn  to  the  same  scale,  it  would 

be  almost  as  long  and  slender  as  A  in  text-figure  6.    Figure  25,  plate  x, 

is  a  photographic  reproduction  of  Annandale's  elegant  figure  of  A'itobatus 

flageUum.    One's  attention  is  at  once  called  to  the  notably  projecting  head 

and  snout,  these  being  strongly  marked  specific  characters  for  this  ray. 

The  structure  of  the  head  and  snout  is  not  well  brought  out  in  figure  i, 
plate  I,  but  is  much  clearer  in  figure  14^4,  plate  vi,  which  is  the  head  only  of 
specimen  No.  i  for  1910,  elsewhere  described.  The  head  is  large  and  prom- 
inent, the  spiracles  especially  so,  and  the  eyes  are  placed  laterally  on  the 
sides  of  the  head  and  are  invisible.  The  snout,  however,  is  of  special  in- 
terest, being  long  and  pointed,  quite  as  much  so  as  is  the  snout  of  i4.  guttata ^ 
B  in  text-figure  6,  according  to  Annandale.  The  tendency  of  the  cephalic 
fins  to  curl  up  is  noticeable  in  this  figure.  The  white  marks  on  the  head 
are  scratches  received  in  handling  and  transportation.  The  fish  when  caught 
was  perfectly  normal.  Another  type  of  snout  is  seen  in  figure  145,  plate  vi. 
This  is  the  head  only  of  specimen  No.  2  for  1910.  This  fish  had  a  snout 
longer  and  more  pointed  than  any  which  the  writer  has  yet  seen.  In  these 
respects  it  is  comparable  to  Annandale's  number  A  in  text-figure  6. 

An  entirely  different  type  of  snout  is  found  in  figures  15  and  19,  plates 
VI  and  VIII.  These  are  photographs  of  the  head  of  Coles's  1909  specimen. 
The  asymmetry  of  the  snout  at  once  challenges  attention,  as  also  does  its 
bluntness  and  its  great  width  of  base.  The  tending  to  wrinkle  of  the  loose 
skin  covering  the  cephalic  fins  is  well  shown  in  the  former  figure.  The 
other  spotted  ray  taken  in  1909  also  had  an  asymmetrical  snout  and  cephalic 
fins  which  curled  up  laterally. 
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The  relative  positions  of  the  various  parts  of  the  head  may  be  more 
readily  understood  by  reference  to  figure  13,  plate  vi,  which  is  a  lateral 
view  of  the  same  fish  whose  head  is  shown  in  figures  15  and  19,  plates  vi 
and  VIII.  Clearly  brought  out  are  the  lateral  positions  of  both  eye  and 
spiracle,  and  the  elongated  form  of  the  latter  with  its  valve.  This  valve  is 
hinged  on  the  roof  of  the  opening  in  such  manner  that  it  swings  upward, 
inward,  and  backward  into  a  recess  to  open  the  spiracle.  The  semilateral 
position  of  the  gill-slits,  especially  of  the  anterior  ones,  should  be  noted. 
These  in  the  ordinary  rays  are  ventrally  located,  while  the  eyes  and  spiracles 
are  dorsal. 

A  better  view  of  the  head  and  snout  is  shown  in  figure  12,  plate  vi,  a 
photograph  of  the  same  fish  shown  in  figure  i,  plate  i.  It  has  the  pectoral 
hanging  down  and  the  throat  is  supported  on  a  small  box  to  keep  the  mouth 
clear.  Attention  is  particularly  called  to  the  color  of  the  snout,  the  spots 
on  the  head,  the  position  of  the  spiracle  at  the  junction  of  pectoral  fin  and 
head,  and  the  eye  with  its  vertical  pupil  immediately  over  the  mouth. 
The  snout  of  Coles's  specimen  No.  i  for  1912  (fig.  9,  plate  v)  does  not  show 
very  well.    However,  the  spiracle  with  its  spots  is  well  brought  out. 

These  are  the  only  lateral  views  of  the  head  of  Aetobatus  known  to  the 
writer.  In  the  course  of  this  research,  however,  a  similar  view  has  been 
found  of  the  head  of  another  eagle  ray.  In  figure  21,  plate  vii,  is  shown  the 
head  of  Miklouho-Maclay  and  Macleay's  spotted  ray,  Myliobatis  punctatus 
(1886).  If  comparison  of  this  be  made  with  the  preceding  figures,  marked 
differences  will  be  seen.  The  snout  is  long  and  slender  and  curiously 
upturned  at  the  tip.  The  spiracle  bears  the  same  relative  position  to  the 
pectoral  as  in  A'itobatus,  but  the  eye  is  considerably  further  forward,  though 
still  over  the  mouth. 

Figure  16,  plate  vi,  is  a  ''head  on"  view  of  the  ray  lying  on  a  table  with 
the  throat  supported  on  a  small  box  to  keep  the  under  parts  of  the  head  clear 
of  the  table.  The  points  of  interest  shown  in  this  figure  are  the  nasal 
openings,  the  color  on  the  snout,  the  spots  on  the  forehead,  the  eyes  placed 
laterally  with  the  ball  just  below  the  line  dividing  dorsal  and  ventral 
surfaces,  the  semilateral  position  of  gill-slits,  and  the  size  and  position  of 
the  "wings,"  the  pectoral  fins.  Above  all  the  figure  shows  how  the  ray 
justifies  its  name,  Aetobatus,  eagle  ray.  Another  attractive  figure  is  No.  10, 
plate  V,  made  from  one  of  Mr.  Coles's  admirable  photographs  of  his  ray 
No.  I,  1912,  taken  at  Cape  Lookout.  Attention  is  called  to  the  relative 
position  of  spiracles  and  eyes,  to  the  sink  in  the  head  over  the  brain,  to  the 
white  streaks  under  the  eyes,  to  the  dark  and  spotted  nose,  and  to  the  spots 
thickly  scattered  over  the  head. 

Before  leaving  the  subject,  it  may  be  well  to  refer  to  the  structure  of  the 
head  and  snout  shown  in  various  other  figures  reproduced  in  this  article. 
Dum^ril's  (1861)  elegant  figures  are  shown  in  figure  8,  plate  rv.  Figure  A  is 
A .  latirostris;  BisA.  narinari;  while  C\s  A.  flagellum.  All  these  are  plainly 
drawn  from  preserved  specimens,  as  the  shrunken  parts  show.    All  three 
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have  the  median  cartilage  with  the  lateral  cephalic  fins  very  plain.  Very 
interesting  is  the  gradation  in  length  and  width  of  snouts,  and  the  marked 
descent  from  forehead  to  snout  level.  The  snout  of  Dum^rirs  A.  narinari 
is  fully  as  short  as  that  in  my  photograph,  but  much  wider.  The  long, 
pointed  head  and  snout  of  A.  flagellum  correspond  closely  to  those  same 
structures  in  Bloch  and  Schneider's  and  to  Annandale's  figures  of  the  same 
ray,  herein  reproduced  as  figures  24  and  25,  plate  x. 

The  head  in  Gunther's  (1880)  outline  sketch  (text-fig.  2)  is  fairly  good. 
The  eyes  are  out  of  sight,  being  covered  by  the  forward  prolongations  of 
the  base  of  the  pectoral  fins.  The  distance  between  eyes  and  spiracles  is 
too  great.  The  snout  anterior  to  the  forehead  region  is  too  short,  and  the 
cephalic  fins  are  too  small.  It  is  greatly  to  be  regretted  that  Forster's 
(1844)  figure  of  his  Raja  edenttda  was  never  published.  His  description 
tells  us  that  it  had  a  triangular  snout,  blunt  and  flattened,  cartilaginous, 
of  medium  size,  and  with  edges  which  showed  a  tendency  to  curl  or  roll  up. 

Russell's  (1803)  Eel  Tenkee  (fig.  6,  plate  iii)  had  the  head  too  mechanic- 
ally drawn.  The  snout  is  very  sharply  pointed;  the  eyes  are  lateral  but 
too  prominent,  the  fontanelle  over  the  brain  is  too  sharply  differentiated 
from  the  dorsum,  when  compared  with  Beaufort  and  Key  West  specimens. 
Hussell  says  that  the  snout  is  soft  and  that  it  turns  up  slightly  at  the  point, 
The  head  in  Euphrasen's  (1790)  drawing  (fig.  5,  plate  iii)  is  very  poor  and 
unsatisfactory.  Both  eyes  and  spiracles  are  dorsal.  The  snout  is  too  wide, 
too  short,  and  lacks  the  cephalic  fins. 

Marcgrave's  (1648)  (text-fig.  i)  has  the  spiracle  too  far  behind  the  base  of 
the  pectoral,  and  the  snout  too  short,  blunt,  and  rounded.  The  water-color 
painting  (fig.  3,  plate  11),  from  which  the  figure  was  reproduced,  is  consider- 
ably better  done  as  to  snout,  eye,  and  spiracle;  while  the  oil  painting 
(fig-  4>  plate  11)  has  eyes  dorsal,  spiracles  invisible,  and  snout  very  long  and 
pointed.    The  former  is  an  excellent  figure,  the  latter  very  poor. 

In  the  relative  size  and  shape  of  the  head  and  snout,  as  in  other  struc- 
tures, the  spotted  eagle  ray  shows  great  variations.  In  Beaufort  specimens 
we  have  snouts  both  symmetrical  and  unsymmetrical.  Two  had  snouts  like 
those  shown  in  figures  15  and  19,  plates  vi  and  viii,  while  all  the  others  had 
equilateral  snouts  more  or  less  sharply  pointed.  Dum^ril's  A .  latirostris  (fig.  8, 
plate  iv)  is  possibly  a  different  species.  All  the  Key  West  specimens  had  sym- 
metrical snouts  fully  as  pointed  as  that  shown  in  fig.  145,  plate  vi. 

JAWS  AND  TEETH. 

The  ** Portugal"  quoted  by  Purchas  (1625),  who  speaks  of  — ** these 
Rayes  some  have  in  their  mouth  two  bones,  and  break  with  them  the  Wilkes," 
was  certainly  referring  to  Myliobatids,  mill-toothed  rays,  and  possibly  to 
our  particular  form. 

However,  the  earliest  definite  reference  to  the  singular  jaws  of  this 
fish  is  found  in  Marcgrave's  original  description.  It  is  worthy  of  repetition 
here,  for,  when  it  is  remembered  that  Marcgrave  studied  this  ray  some  270 
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years  ago  on  the  wild  coasts  of  a  new  and  savage  world,  one  must  marvd 
at  the  care  and  minute  accuracy  with  which  he  did  his  work.    He  says: 

The  mouth  is  2^  inches  wide,  toothless,  but  having  in  the  place  of  teeth  a  lower  jaw 
in  the  shape  of  a  tongue.  This  is  4  inches  long,  i  H  inches  wide,  and  reaches  to  the  external 
opening  of  the  mouth.  Likewise  there  is  an  upper  jaw  placed  crosswise,  2  inches  long 
and  as  many  wide.  The  lower  jaw  consists  of  17  hard  white  bones  having  the  shape  of 
the  letter  U  and  joined  firmly  to  the  membranes.  Underneath  there  lie  17  other  bones, 
one  under  each,  of  spongy  appearance,  but  not  so  hard.  The  upper  jaw  consists  of  14 
bones,  shaped  like  the  letter  J  and  also  joined  together  by  membranes.  Likewise  there  lie 
above  these  14  other  bones.  Moreover  the  two  jaws  are  joined  to  the  other  bones  of  the 
head  by  membranes  [cartilages?]. 

If  the  reader  will  now  turn  to  figures  22  and  23,  plate  ix,  he  will  see 
photographs  of  the  remarkable  dental  armature  of  this  fish.  The  coinci* 
dence  may  be  noted  here  that  the  jaws  of  my  1909  specimen  had  exactly 
the  number  of  teeth  given  by  Marcgrave.  He  speaks  of  the  lower  jaw  being 
toothless,  but  consisting  of  a  tongue-shaped  bone  4  inches  long,  1}/^  inches 
wide,  and  reaching  to  the  lips.  My  original  notes,  made  before  reading 
Marcgrave,  describe  the  jaws  as  being  like  the  slipper-shaped  stirrup  of 
a  woman's  side  saddle,  the  lower  jaw  being  the  slipper  or  bottom  part  of 
the  stirrup.  In  illustration  see  figures  22  and  23,  plate  ix,  of  the  jaws,  and 
figure  2,  plate  i,  and  figure  19,  plate  viii,  in  which  the  lower  jaw  is  seen  pro- 
jecting from  the  mouth.  Six  complete  sets  of  measurements  of  as  many  jaws 
of  Beaufort  specimens  will  be  given  later  and  four  sets  for  Key  West  rays. 

What  Marcgrave  meant  by  his  statement  that  in  the  upper  and  under 
jaws  there  are  other  bones,  one  under  each  tooth,  I  am  at  a  loss  to  under- 
stand, unless  it  be  that  he  refers  to  the  spongy  foundation  part  of  each  tooth. 
So  Schneider  (1801)  conjectures  when  he  says  that  Willughby  (whom  he 
seems  to  have  known  as  a  mere  copier  of  Marcgrave)  probably  refers  to  the 
crenate  base  or  some  other  part  subjacent  to  the  teeth  for  the  "  under  "  spoken 
of  in  the  description.  The  teeth  of  this  ray  are  composed  of  an  upper  part 
apparently  made  of  enamel  and  a  lower  part  seemingly  composed  of  dentine, 
as  will  be  shown  later. 

The  first  man  who  ever  published  a  figure  of  the  curious  jaw  structures  of 
A'etobatus  narinari  was  Hans  Sloane,  whose  drawings,  from  volume  xix  of 
the  **  Philosophical  Transactions,"  published  in  the  year  1697,  are  herein 
reproduced  as  text-figure  7.  Sloane  calls  this  the  "tongue"  of  a  flat  fish, 
named  PasHnaca  marina,  akin  to  the  Thomback  Ray  of  Great  Britain, 
and  found  in  the  waters  of  Jamaica.  He  compares  this  to  the  lower  man- 
dible in  man,  finds  it  composed  of  19  bones  (his  figure  shows  18)  separated 
by  furrows.  He  confuses  top  and  bottom  of  the  jaw,  calling  No.  2  the 
under  side  when  it  is  the  upper,  and  similarly  for  No.  i,  which  is  the  under 
side  with  all  the  cartilages  removed,  showing  the  spongy  bases  of  the  teeth 
previously  referred  to.  Numbers  3  to  12  show  very  clearly  the  relation 
of  the  enamel  and  dentine  in  the  individual  teeth,  and  also  the  shape  of 
the  teeth  of  the  lower  jaw.  Numbers  13  and  14  of  this  figure  are  drawn 
from  fossil  upper  jaws  of  an  Aetobatid  sent  Sloane  from  Maryland.  These 
earliest  figures  have  yet  to  be  improved  upon. 
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The  older  authors  (Willughby,  Ruysch,  Jonston)  either  quote  Marc- 
grave  or  else  utterly  omit  any  references  to  the  jaws.  Even  Euphrasen 
(1790)  contents  himself  with  merely  saying:  "Mouth  below,  as  in  the 
others  of  its  kind,  transverse,  with  very  few  and  close  fitting  teeth  ";  from 
which  we  may  conclude  that  his  examination  was  very  superficial. 


Text-fig.  7. — Teeth  of  a  Marina  pastinaca,  of  Jamaica.     After  Sloane,  1697. 

Schneider  (Bloch  and  Schneider,  1801)  first  quotes  Euphrasen  as  to  the 
teeth,  next  gives  Forster's  description  (see  Lichtenstein,  1844),  and  then 
speaks  of  a  figure  of  the  jaws  of  a  Raja  narinari  belonging  to  Blumenbach 
in  Gottingen.  Finally  he  thus  describes  a  bisected,  dried  flagellate  ray 
which  together  with  a  pair  of  dried  jaws  had  come  into  his  possession: 

I  found  in  it  the  same  tooth  structure  as  in  the  free  jaws.  In  the  upper  jaw  there 
were  8  teeth  in  the  form  of  the  letter  V  and  joined  together  by  membrane;  in  the  lower 
there  were  12,  each  imitating  the  letter  ^,  all  joined  together  by  their  crenate  bases  to  the 
maxilla  and  occupying  its  middle  part,  it  being  bare  on  each  side. 
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Next  Schneider  quotes  Willughby  (whom  he  says  copies  from  Marc- 
grave)  and  gives  the  arrangement  and  kind  of  teeth  correctly  for  each  jaw. 
This  being  true,  it  is  inexplicable  why  he  should  have  attributed  the  V-shaped 
teeth  to  the  upper  jaw  of  his  specimens,  and  all  the  more  so  since  his  figure 
of  the  under  side  of  the  head  of  A.flagellum  (the  first  ever  published)  shows 
the  long,  projecting  under  jaw  with  angled  teeth  (see  fig.  24,  plate  x). 
Later  we  shall  see  that  both  Agassiz  and  Owen  fell  into  the  same  error. 

However,  Patrick  Russell  (1803),  a  physician  in  the  employ  of  the  East 
India  Company,  residing  at  Vizagatapam  on  the  coast  of  Coromandel,  thus 
speaks  of  the  ocellated  ray.  Eel  Tenkee  (fig.  6,  plate  III),  which  Gunther  makes 
A,  narinari: 

Jaws  dissimilar;  the  lower  arched,  narrow,  projecting  beyond  the  wider  immovable 
upper  jaw;  the  edges  of  both  are  small,  without  teeth. 

He  undoubtedly  examined  the  jaws  superficially,  as  his  statement 
"without  teeth"  would  indicate,  but  this  is  probably  an  echo  of  Willughby, 
whose  book  he  had  and  who  in  turn  merely  copied  Marc^rave. 

Blainville  (18 16),  in  establishing  the  genus  Aetobatus,  contents  himself 
with  merely  speaking  of  the  teeth  as  ** broad,  smooth,  polygonal,  united, 
palatine."  However,  in  1828  when,  without  any  cause  discoverable  he 
changed  the  name  to  Aetobatis,  he  goes  further:  "Teeth  large,  smooth,  poly- 
gonal, united  into  two  plates,  one  lingual,  the  other  palatine." 

The  first  man  after  Sloane  to  study  the  tooth  structure  of  the  spotted 
sting  ray  was  Ruppell,  who  in  1835  described,  from  the  Red  Sea,  an  identical 
form  or  one  very  closely  related  to  A,  narinari.  Not  only 
did  he  accurately  describe  the  ray  but  he  both  figured 
and  described  the  teeth.  Text-figure  8  is  a  reproduction 
of  his  drawing  of  the  mouth  and  jaws  of  Myliobatis  eel- 
tenkee  (synonym  for  A.  narinari).    He  writes: 

The  mouth  itself  is  furnished  both  above  and  below  with  a  flat- 
tened bony  mass,  whereof  that  on  the  upper  jaw  is  subdivided  by  6 
cross-furrows  into  7  rectangular  pieces  lying  one  behind  the  other. 
The  bony  plate  of  the  lower  jaw  extends  in  front  in  a  sharp  angle;  ?.'*.•'*".'•»': 
it  is  smaller  than  the  other  and  like  it  is  divided  by  furrows  running  •'''.•''.ll**  '0 
parallel  with  the  outer  edge  into  7  equal-sized  angular  pieces  lying  >'.-'''  *-^vf 
one  behind  another.  "'  ^ 

That  this  jaw  was  sketched  without  removal  from  Text-fig.   8.  —  Jaws 
the  body  is  plain  both  from  the  figure  (note  the  nasal      th^^sef^'lftS 
flaps  and  the  dotted  lines  for  the  lower  teeth)  and  from      Ruppell,  1835. 
the  short  count.    This  author  was  evidently  unacquainted 
with  Marcgrave's  and  Sloane's  earlier  and  more  thorough  work. 

One  year  later  (1836)  Louis  Agassiz  brought  out  the  third  volume  of  hb 
''Recherches  sur  les  Poissons  Fossiles."  In  this  volume  he  deals  with  the 
Placoides,  and  in  order  to  give  them  their  proper  setting  he  briefly  takes 
up  the  living  forms.  Of  Raja  narinari  or  Aetobatis  narinari  or  Myliobaiis 
narinari  (he  uses  all  these  names)  he  writes  as  follows: 
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It  is  characterized  by  a  single  row  of  large 
teeth  on  each  jaw.  I  have  figured  it  in  table  D, 
figures  I  and  2  [here  reproduced  as  text-figs.  9A 
and  9B].  The  teeth  of  the  lower  jaw,  figure  2 
[text-fig.  9A  of  this  paper]  are  transverse,  while 
those  of  the  upper  jaw  are  more  or  less  arched, 
figure  I  [here  text-fig.  9B]. 


A.  Upper  jaw  (Tab.  D,  fig.  2).  B.  Lower  jaw  (Tab.  D,  fig.  i). 

Text-fig.  9. — ^Jaws  of  MyliobcUis  {Aetohaiis)  narinariy  after  Agassiz. 

It  seems  unbelievable  that  Agassiz  should  have  allowed  to  slip  into  his 
work  so  great  an  error  as  the  above  transposition  of  the  jaws,  but  he  did  so 
and  he  repeats  it  in  the  explanation  of  the  plates.  Where  he  says  upper, 
we  should  read  lower,  and  vice  versa.  He  next  goes  into  a  microscopical 
examination  of  the  tooth  structure,  into  which  we  will  not  follow  him  here.^ 
This  occurs  on  pp.  79  and  80  of  the  general  introduction  to  his  **Poissons 
Fossiles,"  volume  ill.  However,  on  pages  325-326  he  gives  the  following 
illuminating  description  of  the  jaws  and  their  functions. 

This  genus  (Aetobatis)  is  characterized  by  the  form  of  the  jaws,  of  which  the  lower 
projects  in  front,  while  the  upper  is  much  shorter  and  is  squarely  cut  off.  Both  are  fur- 
nished with  a  single  row  of  transverse  teeth  without  lateral  chevrons.  The  lower  jaw  is, 
as  in  the  genus  Myliobaiis,  longer  than  the  upper  jaw  (tab.  D,  fig.  i)  [present  text-fig.  9B]. 
The  bone  of  this  jaw  is  longer  than  wide.  The  dental  plate,  whose  surface  is  almost  fiat 
in  its  whole  extent,  does  not  cover  all  the  surface  of  the  jaw.  In  return,  its  anterior  part 
projects  considerably  over  the  jaw,  and  as  the  teeth  are  arched  in  front,  this  only  makes  the 
anterior  edge  more  salient.  Since  all  the  teeth  are  parallel  with  each  other,  their  surface 
offers  the  aspect  of  strips  curved  and  joined,  the  one  to  the  other.  The  last  tooth  alone  is 
transversely  cut  off.  The  anterior  part  of  the  dental  plate,  which  is  lightly  shaded  in  figure 
2  of  table  D  [present  text-fig.  9A],  is  used  for  the  nibbing  of  the  two  jaws  against  one  another. 
The  upper  jaw  is  much  wider  than  long.  The  dental  plate  covers  it  unlike  that  of  the 
lower  jaw,  in  that  the  strips  are  almost  straight  and  only  a  little  bent  at  their  edges,  and 
thus  they  surround  the  anterior  border  of  the  jaw  in  such  a  manner  as  to  form  an  arched 
surface  in  front  of  the  gullet.  This  part  of  the  dental  plate  is  used  for  rubbing  against  the 
point  of  the  lower  jaw. 

By  comparing  these  drawings  with  the  figures  of  the  Beaufort  specimens, 
either  the  photographs  (figs.  22  and  23,  plate  ix)  or  the  outline  drawing 
(text-fig.  14),  it  will  be  seen  that  in  the  jaws  of  my  fish  the  lower  teeth  are 
much  more  sharply  angled,  especially  in  front;  while  in  the  upper  jaw  the 
teeth  of  Agassiz's  ray  are  much  more  concave  than  mine.  The  grinding 
surfaces  are  in  both  sets  of  jaws  practically  the  same,  covering  five  teeth 
in  the  upper  and  nine  in  the  lower  jaw. 

1  Agaaaiz  notes  that  the  specimen  from  which  these  jaws  were  excised  came  from  the  coast  of  Brazil. 
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Agassiz  records  four  species  of  fossil  Aetobatis  which  he  had  studied,  of 
which  he  figures  only  two.    Text-figures  lo  and  1 1  are  dorsal  and  lateral  views 

respectively  of  the  lower  jaw 
of  Aetobatis  sulcatus  with  ten 
teeth,  the  original  of  which  is 
preserved  in  the  Museum  of 
Paris  without  indication  of  its 
origin. 

Miiller  and  Henle  (1841),  un- 
der the  heading  genus  Aeto^ 
batis,  say: 

The  under  jaw  projects  beyond 
the  upper  jaw,  which  has  a  straight 
edge.  The  tooth  plates  form  in  each 
jaw  a  single  row,  without  lateral 
teeth,  and  are  in  the  under  jaw  bent 
parallel  to  the  edges  of  the  same. 
The  tooth-plates  do  not  take  up 
the  whole  width  of  the  jaws. 


10,  Lower  jaw.  11,  Lateral  view 

of  same. 
Text-figs.  10  and  ii.— Jaws  of  Aetobatus  sulcatus 
(fossil).    After  Agassiz. 


Among  the  characters  for  A.  narinari  are: 

The  edge  of  the  under  jaw  and  the  margins  of  its  pavement  teeth  present  a  flat  curve 
which  forms  in  the  middle  a  blunt  angle. 

Cuvier,  in  the  Atlas  to  the  volume  **Pois- 
sons  "  of  **Le  Regne  Animal"  (1836-49)  on  plate 
118,  figure  4a,  gives  a  figure  (text-fig.  12)  of  a 
lower  jaw  of  which  the  description  reads  "  Dents 
de  la  Myliobate  narinari.**  In  the  text,  however, 
nothing  could  be  found.  The  rounded  outline 
of  these  teeth,  as  compared  with  the  angled 
structure  of  Key  West  and  Beaufort  specimens, 
is  very  noticeable. 

The  celebrated  anatomist,  Richard  Owen 
(1840-45),  in  his  "Odontography,"  copies  both 
figures  and  descriptions  (including  the  error)  of 
Aetobatis  narinari  from  Agassiz.  This  error  was 
for  Agassiz  merely  typographical,  of  course,  and  Text-fig.  12.— Lower  jaw  of 
is,  as  has  been  shown,  corrected  in  the  text,  but  S?!^"  '^'^'^'^'  ^^'^'" 
the  same  excuse  can  not  be  advanced  for  Owen. 

Owen  comments  upon  the  absence  of  the  lateral  teeth  found  in  the  Mylio- 
batids  (by  which  he  means  Aetobatids  of  Miiller  and  Henle),  upon  the 
strength  of  the  jaws  which  support  and  Work  such  heavy  teeth,  approach- 
ing as  they  do  close  to  the  solidity  of  bone.  However,  Owen  figures  a 
section  through  the  head  of  a  dried  A.  narinari,  showing  the  projecting 
lower  jaw,  calls  attention  to  it,  and  remarks  that  it  can  be  used  in  digging 
shellfish  out  of  sandy  bottoms  for  food.    This  figure  is  so  small  and  the 
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structures  so  imperfectly  shown  that  it  has  not  seemed  worth  while  to  re- 
produce it  here. 

Forster,  whose  collections  were  made  1772  to  1774,  but  whose  work  was 
first  made  generally  known  by  Lichtenstein  in  1844,  thus  describes  the 
jaw  structures  of  his  Raja  ederUtda: 

The  lower  teeth  are  of  bone  joined  together  like  a  spatula.  These  [jaws]  are  formed  of 
many  crescent-shaped  bones  joined  together  like  tiles  by  a  membrane.  These  teeth  are 
much  longer  than  the  upper  ones.  The  upper  teeth  are  also  made  up  of  many  bones,  much 
broader  than  the  bones  of  the  lower  teeth,  and  are  likewise  joined  together  by  a  membrane. 

Cantor  (1849)  remarks  upon  the  obtuse  angle  made  by  the  teeth  of  the 
lower  jaw  and  specifically  states  that  the  teeth  are  a  greenish-white,  being 
of  the  same  color  as  the  spots  and  approaching  the  greenish-gray  or  greenish- 
olive  of  the  dorsal  surface.  The  teeth  of  all  Key  West  and  Beaufort  speci- 
mens examined  were  white.  A  possible  explanation,  however,  offers  itself 
for  this  anomalous  color  of  the  teeth  of  Cantor's  fish.  While  at  Tortugas 
during  the  summer  of  1913,  I  had  occasion  to  preserve  a  set  of  jaws  in 
formalin  in  a  copper  tank.  When  they  were  taken  out  some  weeks  later, 
they  had  become  impregnated  with  the  copper  salts  and  like  Cantor's 
specimen  were  of  a  distinct  greenish  white.  It  may  be  that  his  specimens 
had  suffered  a  similar  impregnation. 

Bleeker  (1852)  remarks  that  the  upper  jaw  is  as  wide  as  long  and  has 
13  teeth,  while  the  lower  with  16  plates  is  twice  as  long  as  wide.  Day,  in 
his  "Fishes  of  Malabar"  (1865),  in  giving  the  characters  of  the  genus 
Aetobatis,  by  some  strange  error  speaks  of  hexagonal  teeth  with  small 
lateral  ones,  these  being  the  teeth  characters  of  the  family  Myliobatidae. 
However,  in  speaking  of  A.  narinari^  he  correctly  describes  the  dentition, 
noting  that  the  lower  teeth  are  obtusely  angled. 

Dum^ril  (1865)  admirably  describes  the  dental  apparatus  of  the  genus, 
and  for  A.  narinari  notes  that  the  teeth  of  the  lower  jaw  form  a  very  open 
curve.  This  is  in  marked  contrast  to  the  sharply  angled  teeth  of  the  Beaufort 
and  Key  West  jaws  and  of  Ruppell's  Red  Sea  form,  but  is  in  complete 
agreement  with  Agassiz  and  with  Cuvier  (see  text-figs.  9B  and  12). 

Gill  (1867)  records  of  the  Pacific  Coast  specimen,  A.  laticeps  from  San 
Francisco,  that  its  dental  plate  had  the  anterior  angle  obtusely  rounded. 
However,  it  must  be  remembered  that  Jordan  thinks  this  form  a  mere 
variant  of  A.  narinari. 

In  Gimther's  diagnosis  of  the  genus  (1870),  in  volume  8  of  his  ** Cata- 
logue," from  the  study  of  abundant  material,  consisting  of  ten  specimens, 
one  set  of  jaws,  and  two  sets  of  dental  laminae  of  Aetobatis  narinari^  he  speaks 
of  a  single  set  of  teeth  in  each  jaw,  the  lower  projecting  beyond  the  upper. 
For  the  species  he  writes  as  follows: 

Teeth  of  the  lower  jaw  are  sometimes  angularly  bent,  sometimes  nearly  straight.  Our 
series  of  examples  shows  clearly  that  this  difference  is  individual  and  does  not  constitute  a 
specific  character. 

Of  two  half-grown  specimens  from  the  Seychelles,  one  had  the  lower 
teeth  angularly  bent,  the  other  nearly  straight;  except  for  these  differences 
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they  were  perfectly  identical.    The  generic  characters  of  the  teeth  given  in 
the  "Introduction"  (1880)  are  identical  with  those  noted  above. 

Klunzinger  (1871)  thus  redescribes  the  jaw  structures  of  the  Spotted  Ray 
of  the  Red  Sea: 

Upper  jaw  truncated  and  broader,  but  much  shorter  than  the  angularly  rounded  lower 
jaw  which  projects  from  the  mouth.  The  tooth  lamellae  of  the  under  jaw  form  a  sometimes 
pointed,  sometimes  blunt  arched  angle  in  the  middle. 

In  his  "Fishes  of  India"  (1878)  Day  tells  us  that  the  teeth  of  the  lower 
jaw  of  A.  narinari  may  be  angularly  bent  or  nearly  straight,  thus  con- 
firming Gunther.  He  adds,  however,  that  the  teeth  are  greenish  yellow. 
As  stated  elsewhere  the  teeth  of  all  Beaufort  and  Key  West  specimens 
examined  were  white. 

Dean  (1895),  in  his  '*  Fishes,  Living  and  Fossil,"  on  page  24,  gives  a  figure 
(29)  with  the  following  legend:  "  Dental  platesofjawofsting-ray,Trygon(?)." 
In  the  text,  after  referring  to  the  pavement  teeth  of  an  ordinary  eagle  ray 
(which  he  also  figures),  he  continues: 

A  still  more  perfect  fusion  of  the  dental  elements 
occurs  in  a  ray,  closely  aldn  to  Myliobatis;  a\\  lateral  ele- 
ments have  been  fused,  but  their  metameral  sequence 
has  been  retained  (figure  29). 

His  figure  is  plainly  that  of  the  jaw  of  an 
Aetobatus  but  unfortunately  there  is  no  indi- 
cation of  its  source.  The  commonly  accepted 
idea  is  that  the  lateral  teeth  have  disappeared 
(probably  have  failed  to  develop)  and  that  the 
central  teeth  have  become  elongated  and 
arched  outwardly.  Attention  is  again  called 
here  to  Gunther's  (1870)  series  of  jaws  showing 
this.  Dean's  figure  is  reproduced  here  as 
text-figure  13. 

Jordan  and  Evermann,  in  their  **  Fishes  of 
North  and  Middle  America"  (1896)  speak  of 
the  teeth  of  the  genus  as  broad,  flat,  in  a  single 
series,  upper  straight,  lower  curved,  the  lower 
jaw  projecting;  while  for  the  species  they  say;  **Teeth  of  the  lower  jaw 
straight  or  more  or  less  angularly  bent.**  Of  an  Hawaiian  specimen,  Jen- 
kins (1904)  reports  the  lower  teeth  to  be  obtusely  angled  forward  with  about 
five  projecting  beyond  the  edge  of  the  upper  jaw. 

Miranda  Ribeiro  (1907)  thus  speaks  of  the  teeth: 

Mouth  inferior,  with  plates  of  straight  prismatic  pavement-shaped  teeth  arranged 
transversely  in  parallel  rows;  truncate  in  the  upper  jaw,  in  the  lower  the  prisms  at  times 
folded  over  to  an  obtuse  angle  with  points  to  the  front;  the  plate  formed  by  che  latter  projects 
considerably  beyond  the  upper  jaw  and  shows  itself  over  the  lower  lip. 

Compare  with  this  description  figures  22  and  23,  plate  ix.  Annandale 
(1910)  finds  that  the  teeth  of  Indian  specimens  are  transverse  and  not 
angularly  pointed  in  the  lower  jaw. 


13 


14 


Text-fig.  13. — Dental  plate  of 
Trygoni}),  after  Dean. 

Text-fig.  14. — ^Teeth  of  A.  nari- 
nari^ from  Beaufort,  North 
Carolina. 
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There  are  in  my  possession  at  this  writing  six  sets  of  jaws  from  Beaufort, 
three  of  my  own  taking  and  three  loaned  by  Mr.  Coles.  Mine  are  intact, 
but  Mr.  Coles's  have  the  jaws  separated  and  most  of  the  cartilages  cut  away. 
Description  of  these  dental  apparatuses  may  not  be  devoid  of  interest. 

My  1909  specimen  was  18  inches  long  by  26  wide.  Its  lower  jaw  (text- 
fig.  14)  is  3J4.  inches  long  by  2  wide,  and  has  17  teeth  of  which  the  anterior 
9  are  much  worn.  The  upper  jaw  is  2  inches  long  by  i^  wide,  and  has 
13  teeth,  of  which  the  5  anterior  forward  ones  show  much  signs  of  wear, 
the  most  anterior  one  having  lost  the  outer  third  on  each  side.  Owing  to 
the  fact  that  these  jaws  have  been  dried  flat,  i.  «.,  with  the  upper  jaw  bent 
back  approximately  into  the  same  plane  as  the  lower,  I  am  unable  to  give 
the  amount  of  projection  of  the  lower  jaw.* 

Of  the  1910  specimens,  the  first  (size  19  by  28J/^  inches)  had  a  lower 
jaw  3  inches  long  and  i  inch  wide.  It  contains  18  teeth,  of  which  12  show 
much  wear.  The  upper  jaw  is  1 3^  inches  long  by  1 5^  wide,  and  contains  1 1 
teeth,  5  of  which  are  mudi  worn.  The  lower  jaw  projects  beyond  the  upper 
by  6  teeth  or  i  inch.    This  jaw  is  viewed  from  above  in  figure  23,  plate  ix. 

Specimen  No.  2  for  1910,  measuring  i83^  inches  long  by  27)^  inches 
wide,  being  approximately  of  the  same  size  as  the  above  but  having  a 
longer  tail,  was  left  as  an  exhibit  in  the  laboratory  and  no  measurements  of 
its  jaws  can  be  given.  Ray  No.  3,  26}^  inches  long  by  37  wide,  was  the 
largest  Beaufort  specimen  I  have  ever  seen.  Its  lower  jaw  is  4  inches  long 
and  I J^  wide,  and  contains  21  teeth.  Of  these  the  12  forward  ones  show 
wear,  the  most  anterior  6  being  deeply  eroded  and  the  3  in  front  having 
their  left  edges  chipped  off.  The  upper  jaw  is  2  J^  inches  long  and  1%  wide, 
and  contains  15  teeth,  of  which  6  show  hard  usage.  The  lower  jaw  projects 
i]/^  inches  or  6  teeth  beyond  the  upper  jaw.  Figure  22,  plate  ix,  is  a 
lateral  view  of  these  jaws  showing  their  relative  position  when  closed. 

As  noted  above,  all  of  Coles's  1910  specimens  unfortunately  have  the 
jaws  separated  and  cleared  of  cartilages,  and  in  doing  so  the  soft  hinder 
teeth  have  been  cut  away.  The  size  of  only  one  fish  can  be  given.  The 
smallest  lower  jaw  is  z%  inches  long  and  i^  wide;  it  contains  19  teeth,  the 
anterior  8  being  badly  worn.  The  upper  jaw  measures  2  by  i^  inches; 
much  of  the  hinder  end  has  been  cut  off  and  4  of  its  14  teeth  show  usage. 
The  second  pair  measures,  for  the  lower  jaw,  33^  by  i^^  inches.  It  has  17 
teeth  remaining,  having  lost  at  both  ends,  for  the  keen  edge  on  the  outer- 
most tooth  shows  that  its  predecessor  has  but  lately  dropped  off.  The 
grinding  surface  covers  the  7  anterior  teeth,  but  at  the  points  of  the  ninth 
and  tenth  teeth  there  is  a  slight,  irregular  depression  made  by  some  hard 
object.  The  upper  jaw  of  this  pair  is  2j^  inches  long  and  i  J^  wide,  and  of 
its  13  teeth  5  show  much  wear. 

Coles's  largest  measured  fish  was  36  inches  long  by  69  wide.  Its  lower 
jaw,  after  some  considerable  abbreviation  behind,  is  still  sJi  inches  long, 
while  its  width  is  an  even  2  inches.     It  has  21  teeth  remaining,  of  which  the 

1 AU  meatorements  of  jawi  are  made  along  the  curve  and  cover  or  include  the  teeth  only. 
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grinding  surface  extends  back  over  lo,  although  the  next  5  posterior  teeth 
are  scarred.  The  outer  right  and  left  thirds  of  teeth  one  and  two  have  been 
broken  off.  This  plate  is  fully  three-eighths  of  an  indi  thick,  the  enamel 
constituting  two^ighths  and  the  dentine  one-eighth,  but  it  is  very  interesting 
to  note  that  in  the  outermost  and  deepest  worn  tooth  the  enamel  is  but 
one-eighth  and  the  bony  portion  two-eighths  of  an  indi  thick.  The  upper 
jaw,  which  seems  to  have  suffered  but  little  abbreviation,  is  3}^  indies 
long,  while  its  width  is  2%  inches.  It  has  16  teeth,  6  of  which  are  in  the 
grinding  surface  proper,  though  the  next  two  teeth  show  rough  usage. 

It  is  of  course  understood  that  the  teeth  of  this  ray,  like  those  of  all 
Elasmobranchs,  grow  from  membrane  in  the  rear  and  that  as  they  wear 
out  or  are  broken  off  in  front  the  growth  of  those  behind  keeps  the  number 
fairly  constant.  It  must  also  be  made  clear  that  the  teeth  numbered  in  the 
jaws  described  are  the  total  number  found  by  clearing  away  the  overlying 
fleshy  "gum"  or  membrane.  The  apparent  number  gotten  by  counting 
those  visible  in  the  mouth  of  the  fish  would  be  less  by  some  4  or  5  teeth 
probably.  This  fact  may  be  alleged  in  part  proof  of  Ruppeirs  (1835) 
"short"  count  of  the  teeth  of  his  ray.  He  counts  7,  but  shows  8  teeth  in 
the  upper  jaw,  while  in  the  lower  jaw  the  numbers  are  7  and  6  respectively. 

The  dried  jaws  of  my  Key  West  specimens  will  now  be  described.  Three 
of  these  were  rather  small,  but  the  fourth  was  full-grown.    All  were  males. 

Ray  No.  i  was  33  inches  wide  and  24 J^  long.  Its  upper  jaw  is  1%  inches 
long  and  iH  wide.  It  has  17  teeth,  of  which  the  forward  6  are  deeply 
worn — ^practically  all  the  enamel  of  the  outermost  tpoth  having  disappeared. 
The  lower  jaw  measures  3}^  by  i  inches  and  has  20  teeth;  10  of  these 
show  wear,  Nos.  6,  7,  8,  and  9  are  so  worn  as  to  be  depressed  below  the 
general  level.  Attached  to  the  comers  of  the  outermost  tooth  are  fn^ments 
of  another,  the  central  and  pointed  half  of  which  is  gone. 

Specimen  No.  11  was  32  inches  wide  by  23  long.  Its  upper  jaw  la  1% 
inches  long  by  i^  wide.  It  has  14  teeth,  of  which  the  outer  5  show  hard 
usage,  a  fragment  being  broken  off  the  right-hand  end  of  the  foremost  tooth. 
The  lower  jaw  is  3  Ji  inches  long  by  i  wide.  It  has  20  teeth,  of  which  the 
12  outer  show  wear,  this  being  greatest  in  the  region  of  Nos.  4  to  8  inclusive, 
counting  from  before  backwards.    The  left  third  of  the  first  tooth  is  gone. 

My  third  specimen  for  1913  was  34  inches  wide  and  24  long.  Its  teeth 
are  the  green  ones  previously  referred  to.  Its  upper  jaw,  composed  of  16 
teeth,  is  2  inches  long  by  ij^  wide.  Its  6  foremost  teeth  are  badly  worn, 
the  wear  stopping  abruptly  on  the  seventh.  The  outer  ends  of  the  front 
tooth  are  gone.  The  lower  jaw  plate,  made  up  of  21  teeth,  is  i%  inches 
long  and  i3^  wide.  The  grinding  surface  includes  the  first  10  teeth,  and 
in  teeth  6,  7,  8,  and  9  there  is  a  marked  depression.  The  outer  tooth  has  the 
central  half  only  present,  the  ends  having  broken  away. 

Key  West  ray  No.  iv  was  the  largest  ABtobatus  I  have  ever  had  and  its 
jaws  are  in  proportion.  It  was  62  inches  wide  and  32  long,  and  weighed 
120  pounds.     Its  upper  jaw-plate  measures  3J^  by  2^  inches.    Of  its  16 
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teeth,  the  4  anterior  are  deeply  worn,  the  enamel  of  the  outermost  one  being 
nearly  gone.  The  lower  plate  is  6  inches  long  and  2  wide.  It  has  21  teeth, 
of  which  the  anterior  10  show  much  wear,  there  being  a  noticeable  depression 
over  Nos.  6,  7,  8,  and  9. 

These  teeth-plates  being  freed  from  the  jaw  cartilages,  it  is  easy  to  see 
that  the  lower  plate  is  gently  curved  with  the  convexity  upward,  while  the 
upper  plate  is  sharply  bent  with  the  convexity  downward.  Thus  the  ante- 
rior edge  of  the  upper  plate  strikes  the  lower  about  one-third  of  the  distance 
back  from  its  point,  and  for  this  reason  the  lower  jaw  projects  beyond  the 
upper  by  some  5  or  6  teeth  generally,  and  this  also  accounts  for  the  worn  place 
in  the  lower  plate  as  noted  above  (see  figs.  22  and  23,  plate  ix).  In  all  these 
Florida  specimens  the  lower  tooth-plate  projects  beyond  the  lower  lip  by  the 
width  of  one  tooth,  and  this  tooth  is  free  from  the  underlying  cartilages. 

In  the  ten  specimens  of  lower  jaws  here  described  and  in  the  other  two 
examined  but  never  excised  from  the  fish,  aU  had  the  teeth  v-shaped,  as 
shown  in  the  photograph  and  the  drawing  (fig.  23,  plate  ix,  and  text-fig.  14) ; 
none  had  the  teeth  "nearly  straight,"  as  described  by  Gunther  (1870),  or 
"teeth  of  the  lower  jaw  straight  or  more  or  less  angularly  bent,"  according 
to  Jordan  and  Evermann  (1896),  or  teeth  transverse  and  not  pointed  in  the 
lower  jaw,  as  found  by  Annandale  (1910)  in 
specimens  from  the  Bay  of  Bengal,  or  teeth 
obtusely  rounded  in  front  as  shown  by  Cuvier 
and  noted  by  others,  especially  Miranda  Ri- 
beiro  (1907). 

In  my  specimens  not  only  does  the  lower 
jaw  project  beyond  the  upper,  but  each  tooth 
in  it  projects  beyond  the  next  one  behind; 
thus,  seen  from  above,  each  tooth  overlaps 
the  next  one  in  front  like  shingles  or  tiles  in 
a  roof.  The  amount  of  overlapping  is  cer- 
tainly equal  to  and  generally  somewhat  Text-fig. 
greater  than  the  width  of  the  tooth.  It  should 
be  noted  here  that  the  soft,  pulpy  teeth  at 
the  hinder  end  of  the  jaw  are  slightly  wider  than  the  hard  bony  ones  in 
front.  By  reference  to  the  figures  of  the  jaws  it  will  be  seen  that  the 
ends  of  the  upper  teeth  are  curiously  bent  backwards,  giving  each  indi- 
vidual tooth  the  form  of  a  very  flat  bow  (text-fig.  15).  Careful  mea- 
surements of  every  set  of  teeth  in  my  possession  reveal  the  interesting 
fact  that  the  length  of  the  upper  teeth  measured  between  the  points  at 
which  the  outer  bends  begin  is  in  every  case  exactly  equal  to  the  width  of 
the  lower  jaw-plate  of  that  set.  Close  inspection  of  these  teeth  plates  shows 
that  in  the  region  of  these  bends  there  is  a  slight  depression  transverse  to 
the  long  axis  of  each  tooth.  This  forms  a  shallow,  longitudinal  groove  on 
each  side  of  the  upper  jaw-plate,  and,  as  noted  above,  accurately  marks  off 
the  width  and  place  of  contact  of  the  lower  jaw.    The  worn  surface  of  the 

2C 


15. — Upper  tooth-plate 
oi3.nAitob<Uus  narinari,  from 
Key  West,  Florida,  1913. 
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upper  jaw  is  marked  oflf  pretty  accurately  by  these  grooves,  rarely  extending 
out  beyond  them  more  than  a  mere  fraction  of  an  inch.  The  lines  formed 
by  these  depressions  may  be  seen  if  looked  for  on  the  smaller  specimens,  but 
on  the  large  jaw-plate  are  very  plain,  being  probably  one  thirty-second  of  an 
inch  deep.  These  points  have  never  been  noted  before.  Text-figure  15  is 
made  from  the  upper  jaw  of  the  largest  Florida  specimen.  In  front  is 
shown  the  worn  area,  and  extending  backward  on  each  side  in  the  r^on  of 
the  bends  of  the  teeth  are  faintly  stippled  areas  marking  off  this  depression. 
From  a  consideration  of  the  data  above  it  will  be  seen  that  in  the  teeth, 
as  in  all  other  structures,  the  spotted  eagle  ray  is  evidently  subject  to  very 
great  variations. 

DORSAL  SENSORY  PORE  SYSTEM. 

There  is  now  to  be  described  a  system  of  sensory  pores  on  the  dorsum  of 
A.  narinari  which  has  never  been  noted  before,  and  which  I  myself  over- 


Text-fig.  16. — Dorsal  sensory  pore  system  of  A.  narinari  from  Key  West, 
19 1 3  (semidiagrammatic). 

looked  on  Beaufort  specimens,  but  found  on  the  frozen  Florida  rays  and 
also  on  the  live  one. 

Beginning  back  of  and  between  the  spiracles  and  running  backward  on 
each  side  of  the  median  line  are  fanciful  figures  made  of  lines  in  the  flesh, 
each  ending  in  a  black  pore.  Some  distance  forward  of  a  line  connecting 
the  points  of  the  pectorals,  these  bands  of  pores  diverge  to  form  two  back- 
wardly  extending  and  diverging  lobes.  However,  extending  backward 
between  these,  on  either  side  of  the  spinal  column,  is  a  band  of  pores  similar 
to  the  anterior  ones.  These  widen  out  over  the  soft  part  of  the  back, 
dorsal  to  the  abdomen,  and  further  back  they  nearly  converge  just  in  front 
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of  the  dorsal  fin,  where  they  form  very  distinct  patches.  From  these 
patches  on  either  side  of  the  dorsal  a  series  of  pores  extends  backward  on 
the  sides  of  the  tail,  running  out  to  nothing  under  the  spines. 


A  B 

Text-fig.  17. — Lateral-line  system  of  A.  narinari:  A,  Dorsal;  B,  ventral. 


After  Garman. 


Beginning  at  and  behind  the  spiracles  a  second  series  of  pores  extends 
out  along  the  front  edge  of  each  pectoral  to  about  its  middle  point,  then 
each  swings  backward,  inward,  and  forward  to  join  the  two  parallel  back- 
wardly  going  bands  just  posterior  to  the  lobe-like  patches  previously  re- 
ferred to.  These  lines  and  pores  form  fanciful  figures  which  run  both  over 
and  between  the  spots.  So  far  as  my  specimens  showed,  these  pores  are 
found  rather  sparingly  on  the  head,  being  most  abundant  on  the  snout  and 
below  the  eyes.  These  pores  are  presumably  homologous  with  the  lateral 
line  pores  of  Teleosts.  Text-figure  16  is  a  semi-diagrammatic  drawing  of  the 
dorsal  pore-system  of  Aetobatus  narinari.  Pores  were  found  on  the  under 
side  of  the  body,  but  not  making  figures  as  on  the  dorsum.  The  under  side 
of  the  snout  and  the  central  part  of  the  upper  lip  were  so  filled  with  a  network 
of  cavities,  rather  larger  than  the  dorsal  pores,  as  to  give  the  skin  over  these 
parts  a  spongy  appearance. 

Since  this  paper  went  to  press,  I  have  chanced  upon  Carman's  memoir 
(1888-89),  "The  lateral  line  system  of  Selachia  and  Holocephala."  Since 
his  figure  and  its  description  are  very  different  from  the  above,  the  former 
is  herein  reproduced  as  text-figure  17,  A  being  the  dorsal,  B  the  ventral 
view  of  the  same. 
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HABITS. 
FEEDING  HABITS.  ^ 

Of  the  spotted  8ting  ray's  habits  we  unfortunately  know  almost  nothing. 
The  fish  is  too  large  to  be  kept  in  captivity,  and  its  free  natural  life  is  such  as 
to  preclude  anything  save  scattering  observations  as  to  its  ways  of  living. 

It  is  probable  that  the  anonymous  "Portugal  of  Brazil,"  whom  Purchas 
(1625)  quotes  in  chapter  i  of  volume  vii  of  "His  Pilgrims,"  had  reference 

to  our  ray  when  he  wrote  " these  Rayes have  in  their  mouth 

two  bones,  and  break  with  them  the  Wlkes"  whereon  they  feed.  These 
were  undoubtedly  pavement-toothed  rays,  since  of  all  the  rays  they  only  live 
on  such  fare.  But  the  "two  bones"  are  certainly  much  more  isolated  and 
distinguishable  structures  in  the  mouth  of  an  Aitobatus  than  in  that  of  a 
Myliobatis.  Further,  our  A .  narinari  was  common  along  the  coast  of  Brazil. 
All  these  points  strengthen  the  conjecture  that  A,  narinari  is  referred  to. 

But  three  of  the  older  writers  refer  to  its  feeding  habits.  Most  of  them 
simply  copied  Marcgrave,  while  the  few  who  were  so  fortunate  as  to  examine 
specimens  usually  had  only  preserved  material.  Furthermore  they  were 
systematists,  concerned  with  little  else  than  the  characters  necessary  for 
classification. 

The  first  of  the  three  is  Piso  (1648),  who  in  his  "  De  Medicina  Brasiliensi," 
in  Book  HI,  bearing  the  title  "De  Venenatis  &  Antidotis,"  under  the 
sub-heading  "Pisces  Venenati"  writes  of  Narinari  that  "They  are  not 
captured  away  from  the  shore.  They  feed  on  fishes,  for  which  they  lie  in 
ambush  and  which  they  capture  with  the  sting  of  their  tail.  When  the>'' 
have  removed  this,  they  eat  them."  Here  Piso  either  got  his  information  at 
second  hand  or  else  made  a  conjecture.  Later  it  will  be  shown  that  they 
live  on  mollusks  alone.  However,  Piso  is  correct  as  to  their  being  shallow- 
water  forms,  and  it  should  be  noted  that  this  observation  of  his  is  the  be- 
ginning of  our  knowledge  of  the  habits  of  the  fish. 

Sloane  (1697)  describes  the  tongue  of  a  ray  of  Jamaica  (plainly  A. 
narinari)  as  made  up  of  19  bones  separated  by  furrows,  and  adds  that  this 
tongue  works  against  the  like  bones  of  the  upper  jaw  to  cut,  tear,  or  grind 
the  food;  unfortunately  he  gives  no  idea  of  what  this  food  consists.  Later, 
in  writing  of  the  same  fish,  Sloane  (1725)  says  that  these  rays  use  their  tails 
"to  round  their  prey  to  strike  them  better."  In  the  next  paragraph,  how- 
ever, he  adds,  "They  are  to  be  found  everywhere  in  shallow  Waters  where 
I  was  informed  they  feed  on  Herbs,  Fuci,  or  Grass."  For  Sloane's  drawing 
of  the  teeth  of  this  ray  see  text-figure  7. 

Biainviiie  (1828),  speaking  of  the  genus  Raie^  of  which  he  gives  Raies 
aigles,  Aetobatis,  as  an  example,  says: 

The  Rays  are  voracious  fishes  which  feed  on  other  fishes  and  also  on  mollusks  and 
crustaceans,  which  they  probably  do  not  catch  by  swimming,  but  seize  them  at  the  bottom 
of  the  seas,  in  the  mud  where  they  have  hidden  themselves  and  whence  they  are  able  to 
be  dug  out  by  the  rays'  snouts. 
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Ruppell  (1835)  gives  a  drawing  of  the  jaws  (text-fig.  8),  the  first  since 
Sloane  (1725),  but  it  is  especially  to  be  regretted  that  he  offers  no  hint  as 
to  the  kind  of  food  they  are  used  in  grinding. 

Agassiz  (1836),  however,  in  his  figures  emphasizes  the  rough  frontal 
portion  of  each  jaw  and  explains  that  this  is  caused  by  their  rubbing  together 
in  feeding;  but  even  he  gives  no  idea  of  the  food  of  our  ray.  His  figures  are 
reproduced  as  text-figures  9A  and  9B  in  the  present  paper. 

Owen  (1840)  figures  a  longitudinal  vertical  section  through  a  dried 
head  and  jaws  of  A,  narinari^  comments  upon  the  projecting  lower  jaw, 
and  conjectures  that  it  "can  be  used,  like  a  spade,  in  digging  out  shellfish, 
etc.,  from  the  sandy  bottoms  frequented  by  these  rays."  Owen  is  thus  the 
first  writer  to  approximate  the  food  on  which  this  ray  lives.  He  especially 
calls  attention  to  the  strength  of  the  jaws  necessary  to  support  such  dense 
and  heavy  teeth,  saying  that  in  density  the  jaws  of  this  cartilaginous  fish 
approach  true  bone. 

Gunther,  in  his  "Introduction  to  the  Study  of  Fishes"  (1880),  remarks 
of  the  family  Myliobatidae  that  the  cephalic  fins  are  supposed  to  be  flexible 
in  the  living  fish  and  conjectures  that  they  may  be  used  for  scooping  up 
food  and  conveying  it  from  the  bottom  to  the  mouth.  By  implication  this 
statement  refers  also  to  the  genus  Aetohatus.  One  hardly  knows  what  to 
think  of  this.  The  cephalic  fin  is  soft  and  the  skin-like  covering  especially 
so  in  narinari;  hence  if  it  is  used  for  the  purpose  indicated  by  Gunther,  it 
seems  that  examination  of  the  living  fish  ought  to  show  the  effects  of  this 
hard  usage  in  sand  and  oyster  shells  on  the  snouts.  Ordinary  sting  rays  not 
infrequently  are  found  with  bloodshot  snouts,  but  the  nine  specimens  of  the 
spotted  sting  ray  examined  by  me  have  shown  nothing  of  the  kind.  Yet  there 
is  no  doubt  that  they  feed  almost  wholly  on  clams,  and  Coles  (1910)  says 
that  they  use  their  snouts  for  rooting  in  the  sand  after  the  fashion  of  hogs. 

Jordan  and  Evermann  (1896)  say  of  the  rays  of  the  family  Myliobatidae 
that  they  feed  on  moUusks,  crushing  these  with  their  large  grinding  teeth. 
Jordan  in  his  "Guide  to  the  Study  of  Fishes"  (1905)  makes  a  similar 
statement,  adding  that  these  fish  are  destructive  to  oysters  and  clams. 

Thurston  (1894)  confirms  Jordan  by  describing  the  great  damage  done 
to  the  pearl-oyster  banks  of  Ceylon  by  these  rays,  the  banks  being  some- 
times almost  ruined  by  them.  However,  he  speaks  of  dissecting  an  A. 
narinari  and  finding  its  stomach  full  of  sea-weed. 

The  present  writer  has  elsewhere  (Gudger  1910)  recorded  the  fact  that 
the  food  of  A .  narinari  seems  to  consist  wholly  of  clanis.  Dissections  of 
three  specimens  in  191 1  (Gudger  1912)  confirmed  this  conclusion.  How- 
ever, in  not  one  of  the  alimentary  tracts  of  the  four  specimens  examined 
were  any  fragments  of  shells  to  be  found.  These  observations  on  its  food 
are  confirmed  in  all  respects  by  dissection  of  the  four  Florida  specimens. 

The  most  extensive  and  definite  observations  on  the  food  and  feeding 
habits  of  this  ray  have  been  reported  by  Coles  (1910)  in  the  paper  elsewhere 
repeatedly  referred  to.     He  suggests  the  name  "sea-hog"  for  our  ray,  on 
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account  of  its  habit  of  plowing  up  mud  banks  and  sand-bars  with  its  snout  in 
its  search  for  clams.  He  has  often  found  it  impossible  to  harpoon  rays  thus 
occupied  because  of  the  clouded  condition  of  the  w^ter.     He  says  further: 

I  have  known  beds,  containing  many  bushels  of  planted  clams,  being  attacked  by 
schools  of  these  rays  and  every  clam  in  them  destroyed  in  less  than  a  week;  and  on  several 
occasions  I  have  had  a  pile  containing  a  half  bushel  or  more  entirely  destroyed  during 
a  single  tide  by  one  or  more  of  these  rays.  Clams  appear  to  be  almost  if  not  entirely  the 
only  food  of  this  ray.  I  have  opened  more  than  50  specimens  and  have  carefully  studied 
the  contents  of  the  stomach  and  have  never  found  that  they  contain  any  other  food.  I 
am  thoroughly  convinced  that  the  shell  fish  consumed  by  the  American  people  every  year 
are  as  nothing  to  the  countless  thousands  of  bushels  devoured  by  this  ray  and  its  relatives 
every  year. 

The  muscular  development  of  the  jaws  of  this  fish  is  truly  wonderful.  I  have  found 
in  these  rays  clams  which  with  their  shells  on  must  have  weighed  more  than  3  pounds  and 
to  crack  which  a  pressure  of  perhaps  a  thousand  pounds  would  be  required.  And  I  have 
found  in  the  stomachs  of  these  rays,  on  a  number  of  occasions,  more  than  a  half  gallon  of 
clams  with  the  flesh  of  each  clam  less  broken  than  the  most  expert  human  clam  opener  could 
have  turned  it  out;  and  the  writer  has  often  spread  out  these  clams  on  a  clean  board  and 
carefully  examined  them  and  found  that  they  were  absolutely  free  from  any  pieces  of  broken 
shells. 

OFFENSIVE  AND  DEFENSIVE  HABITS. 

The  spotted  sting  ray,  so  far  as  the  writer  knows,  is  an  inoffensive  fish. 
The  fisherman  of  Beaufort,  notwithstanding  the  fact  that  they  call  this  ray 
the  "devil-fish,"  do  not  have  the  fear  of  it  that  they  do  of  the  common  sting 
ray,  Dasyatis  say,  which  they  familiarly  designate  "stinger."  This  is  prob- 
ably due  to  two  facts.  First  the  spotted  ray  does  not,  so  far  as  my  observa- 
tion goes,  offer  so  much  resistance  when  taken;  and  secondly,  its  spine  (or 
spines),  being  situated  far  up  on  the  root  of  the  tail,  is  not  nearly  so  danger* 
ous  as  that  of  the  stingaree,  which  is  found  about  one-third  to  one-fourth 
of  the  distance  from  the  root  to  the  extremity  of  the  tail.  Thus  the  ordinary 
sting  ray  can  and  not  infrequently  does  inflict  a  wound  by  lashing  out  with 
its  tail  (I  have  seen  one  in  the  "bunt"  of  the  seine  thus  drive  its  sting  in  the 
sides  of  the  boat  and  break  off  the  tip),  while,  on  the  other  hand,  the  spotted 
sting  ray,  if  the  object  be  removed  but  a  few  inches  from  it,  can  only  strike 
by  throwing  its  whole  body.  Wounds  inflicted  by  the  stingaree  are  not 
uncommon  and  I  am  acquainted  with  several  Beaufort  fishermen  who  have 
thus  suffered,  but  the  only  person  whom  I  know  to  have  been  wounded  by 
the  spotted  ray  is  Mr.  Coles,  whose  experience  will  be  referred  to  later. 

The  commonly  accepted  idea  among  fishermen  is  that  this  and  other 
sting  rays  all  have  poisonous  stings,  and  perfectly  reliable  men  of  my 
acquaintance  at  Beaufort  have  described  how  they  have  been  stung  by 
stingarees,  Dasyatis  say,  and  how  the  hand  or  foot  swelled  up  and  what 
excruciating  pain  they  suffered  and  how  they  were  disabled  for  work  for  a 
considerable  time  thereafter.  But  so  far  as  I  can  find  by  dissection  and 
reading  no  poison  gland  is  ever  found  in  the  spotted  sting  ray  or  in  the 
stingaree,  though  there  is  a  groove  on  the  dorsal  side  of  the  spines  of  both 
rays  extending  from  the  point  of  insertion  of  the  spine  to  near  its  tip. 
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The  spine  of  either  ray  being  closely  set  with  backwardly  pointing 
serrations,  it  is  much  easier  to  cut  the  spine  off  and  push  it  through  the 
wound  than  to  pull  it  out,  as  Sloane  (1725)  has  pointed  out — ^and  such  a 
procedure  has  been  followed  in  at  least  one  instance  known  to  the  writer. 
The  wound  is  apt  to  be  considerably  lacerated,  and  into  it  will  be  carried 
many  pathogenic  bacteria  imbedded  in  the  slime  with  which  the  spine 
is  covered.  Furthermore  the  slime  itself,  when  taken  into  the  blood,  may 
act  as  a  chemical  poison.  From  this  it  would  seem  that  the  explanation 
of  the  inflammation  is  not  hard  to  find.  Various  modes  of  treatment  are 
in  vogue  at  Beaufort  for  the  healing  of  stingaree  wounds,  but  for  the  most 
part  poultices  are  used  to  bring  the  inflammation  to  a  "head,"  so  that  lancing 
or  natural  breaking  will  bring  relief. 

The  only  person  whom  I  know  to  have  been  wounded  by  an  Aetobatus 
is  Mr.  Coles,  who  in  July  1910,  while  clearing  a  net,  had  the  misfortune  to 
have  a  large  spotted  ray  drive  its  sting  2  inches  or  more  into  his  leg.  He 
suffered  agonies,  but  having  at  hand  a  syringe  he  thoroughly  washed  out  the 
wound  with  a  strong  solution  of  formalin.  He  reports  that  the  pain  ceased 
at  once  and  the  wound  healed  quickly. 

The  belief  in  the  hurtful  and  even  poisonous  properties  of  the  spine  of 
Aetobatus  narinari  is  found  scattered  throughout  the  literature  from  the 
very  beginning.  Thus  the  first  European  to  describe  this  ray,  Claude 
d'Abbeville  in  1614,  tells  us  that  its  spine  is  a  full  foot  long  and  "very 
dangerous."  Marc^ave  says  nothing  on  the  subject,  but  Piso  (1648  and 
1658)  writes  very  interestingly.  He  tells  us  that  these  rays  are  dwellers  in 
shallow  water,  where  they  feed  on  fishes  for  which  they  lie  hidden  in  ambush 
and  which  they  transfix  with  the  spine.  This,  however,  is  erroneous  since 
they  feed  only  on  moUusks.  Further,  our  old  writer  goes  on  to  say  that 
whenever  any  land  or  water  animal  is  struck  by  this  spine  it  receives  a 
virulent  poison  and  the  wounded  parts  suffer  great  pain,  sometimes  sufficient 
to  cause  paralysis.  Whether  or  not  the  spine  of  the  dead  fish  retains  its 
poisonous  properties,  Piso  was  unable  to  say.  The  antidote  for  the  poison 
was  a  plant  called  Mangue.  Piso  elsewhere  (1658)  figures  and  describes 
this  plant.  From  the  fact  that  it  lives  in  swamps,  and  has  many  branches 
converted  into  roots,  and  further  that  the  figure  shows  the  fruit  to  consist 
of  long  pendant  pods  acutely  terminate  at  the  free  ends,  there  seems  to  be 
no  doubt  that  this  is  the  mangrove.  Piso  further  tells  us  that  the  natives 
successfully  apply  to  the  wound  the  ashes  of  the  calcined  spine  or  the  split 
liver  of  the  fish,  adding  quaintly:  "Thus  the  fish  is  seen  to  have  in  itself 
the  antidote  for  its  poison." 

In  his  later  work  (1658),  in  the  section  dealing  with  Narinari,  Piso 
remarks  that  many  authors  have  written  about  the  stings  of  the  sting  rays, 
about  their  poisons  and  the  antidotes  therefor,  and  their  hurtful  effects  on 
the  sound  flesh  of  fishes.  These  things  he  says  he  has  verified  and  has 
found  one  of  the  worst  of  the  sting  rays  to  be  Narinari  pinima,  which  is  the 
name  he  gives  our  ray. 
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Next,  chronologically  comes  Sloane  (1725)  whose  excellent  description 
of  the  tail  and  spines  has  been  quoted  on  page  274.    He  adds: 

Tis  commonly  thought  this  long  Tail  is  useful  to  the  Fish  as  an  o£Fensive  or  defenstve 
Weapon,  wherewith  it  may  lash  anything  offending  it.    Or  to  round  their  prey  to  strike 

them  better They  are  eatable:  the  stings  are  cut  off  as  soon  as  they  are  taken,  lest 

they  should  hurt  unwary  People. 

Euphrasen  tells  us  (1790)  that,  since  the  wound  made  by  the  sting  is 
followed  by  pain  and  swelling,  the  inhabitants  of  St.  Bartholomew  think 
it  poisonous.  Forster  (Lichtenstein  1844)  is  the  last  author  to  tell  us  that 
the  stings  are  poisonous.     He  writes: 

The  hooked  stings  contain  poison,  and  for  this  reason,  when  the  fish  is  caught,  the 
stings  are  at  once  extracted  by  the  inhabitants  of  Otaheite. 

BREEDING  HABITS. 

Of  the  manner  of  reproduction  of  the  Aetobatids,  we  have  until  recently 
(Coles  1910,  1913)  had  little  definite  information.  Piso  (1658)  discourses 
in  general  of  reproduction  in  sting  rays  by  the  laying  of  eggs  inclosed 
in  homy  shells.  He  ends  his  long  paragraph  on  this  with  a  few  sentences 
on  their  stings  and  poisons  and  says  that  chief  among  such  rays  is  Narinari 
pinima.    However,  the  connection  is  not  close  and  the  inference  not  dear. 

The  commonly  accepted  idea  is  that  all  the  pavement-toothed  rays 
are  viviparous.  This  belief  is  probably  based  on  the  statement  made  by 
Gunther,  in  his  "The  Study  of  Fishes"  (1880)  and  also  in  his  artide  on 
Rays  in  the  ninth  edition  of  the  Encyclopedia  Britannica  (1886),  that  all 
the  Myliobatids  are  viviparous,  but  that  the  young  differ  much  from  the 
adult  forms.  Waite  (1901)  quotes  a  letter  from  W.  A.  Haswell,  in  which 
the  latter  states  that  all  the  Australian  Myliobatids  are  viviparous.  The 
other  Beaufort  Myliobatid,  Rhinoptera  bonasus,  I  have  (1912)  proved  to  be 
viviparous  by  obtaining  (from  a  spedmen  only  24  inches  wide)  two  young, 
measuring  1 3  J^  by  8  J^  inches,  rolled  up  like  sheets  of  paper,  Bleeker  (i  852) , 
by  a  similar  operation  on  a  female  Rhinoptera  javanica  of  the  East  Indies, 
obtained  2  young,  240'''  and  280'"  wide.  Couch  (1862)  in  his  British  Fishes, 
states  that  M.  aquila  is  oviparous,  the  eggs  being  laid  in  large  purses.  He 
figures  and  describes  a  young  one  obtained  from  such  an  egg-case;  but  this 
must  have  been  a  wrong  identification.  Jordan  and  Evermann  (1896)  say 
that  the  Myliobatids  are  ovoviparous,  while  Smith  (1907)  affirms  that  they 
are  viviparous. 

Thompson  (Jordan  and  Thompson,  1905)  has  observed  that  at  the 
Tortugas  these  fish  not  infrequently  swim  in  pairs  in  long  straight  lines 
near  the  surface.  Unfortunately  the  time  of  year  is  not  stated.  This  is 
probably  a  pairing  play  preliminary  to  copulation.  As  early  as  1810,  Risso 
noted  a  similar  association  in  the  related  form  Cephahptera  massena  of  Nice. 
The  male  was  seen  for  two  days  swimming  around  the  net  in  which  the 
female  had  been  taken,  "in  order  without  doubt  to  search  for  her,"  and  was 
finally  caught  in  the  same  net.  Blyth  (1861)  notes  of  an  Indian  sting  ray, 
Trygon  imhricattis,  that:  "This  spedes  is  so  very  often  brought  in  pairs  to 
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the  bazar,  a  male  and  a  female,  that  I  can  not  help  suspecting  that  it  lives 
in  pairs,  the  two  being  commonly  taken  together," 

The  question  of  viviparity  or  oviparity  in  Aetobatus  narinari  was,  how- 
ever, settled  long  ago  by  Klunzinger  (1871),  who  says  of  the  Red  Sea  Aeto- 
batus  narinari  that  "the  foetus  measures  12  centimeters.**  This  fact,  however, 
seems  to  have  been  generally  overlooked.  The  method  of  delivery  of  the 
young  was  observed  by  Mr.  Coles  in  1910,  while  fishing  at  Cape  Lookout. 
After  noting  that  these  rays  swim  near  the  surface  of  the  water  in  large 
schools  (one  being  estimated  by  him  to  contain  hundreds  of  individuals) 
he  goes  on  to  state  as  follows: 

For  a  number  of  years  my  crew  and  other  deep-sea  fishermen  have  been  telling  me  that 
in  giving  birth  to  its  young  the  female  ray  leaps  high  in  the  air  as  each  young  is  bom,  but 
as  this  leaping  seemed  so  unnecessary  I  had  questioned  their  tales.  However,  on  about 
July  15, 1910, 1  was  suddenly  called  on  deck  by  two  of  my  crew  and  then  I  saw  a  large  female 
AHohatus  narinari  leaping  high  in  the  air  and  falling  back  into  the  water  within  20  fathoms 
of  the  yacht.  After  she  had  thus  leaped  several  times,  I  distinctly  saw  a  young  one  about 
6  or  8  inches  wide  thrown  from  the  body;  and  after  she  had  again  leaped  several  times 
without  result,  another  young  one  was  bom,  and  my  men  told  me  that  two  had  been  bom 
before  I  came  on  deck. 

While  at  anchor  in  the  channel  oflF  Boca  Grande  Cay,  Florida,  in  June 
1913,  numbers  of  leaping  spotted  eagle  rays  were  seen,  some  quite  near  the 
boat.  I  thought  that  one  gave  birth  to  a  young  one  while  leaping,  but 
could  not  be  sure. 

The  explanation  of  the  leaping  is  probably  to  be  found  in  the  fact  that 
the  sudden  leap  throws  the  viscera  downwards  and,  aided  by  the  simultaneous 
contraction  of  the  muscles  of  the  anterior  part  of  the  uterus,  expels  the 
young.  The  principle  is  the  same  as  that  by  which  we  drive  the  last  traces 
of  a  liquid  from  an  inverted  bottle  by  sudden  jerks.  Corroborative  of  this  is 
the  fact  that  whenever  a  ray  is  suspended  there  is  a  great  tendency  for  the 
cloacal  parts  to  protrude. 

As  to  how  the  foetuses  are  nourished  in  utero  nothing  definite  was  known 
until  Coles  published  his  1913  paper.  Coles  states  that  the  uterus  of  his 
specimen  shown  in  figures  9, 10,  and  1 1 ,  plate  v,  was  densely  lined  with  large 
villi  25  mm.  in  length.  These  villi  secrete  a  milk  on  which  the  embryos  are 
nourished  by  absorption  through  the  external  gills,  and  later  by  intake 
through  the  spiracles,  as  the  present  writer  has  shown  for  the  other  Beaufort 
rays,  Rhinoptera  bonasus^  Pteroplatea  nuiclura^  and  Dasyatis  say  (Gudger, 
1910,  1912A,  1913). 

However,  as  early  as  1876  Trois  had  microscopically  studied  the  uterine 
structures  of  the  related  Myliobatis  noctula  of  the  Mediterranean.  He  found 
the  walls  of  its  uterus  so  crowded  with  villi  that  the  mucosa  could  not  be  seen ; 
the  number  of  these,  however,  decreased  towards  the  mouth  of  the  uterus, 
which  was  plicated.  These  thread-like  organs  were  permeated  with  blood- 
vessels, thus  enormously  increasing  the  vascularized  surface  of  the  uterus. 
The  young  were  enwrapped  by  these  villi,  which,  being  of  great  numbers, 
acted  as  a  feeding  organ  for  the  embryos,  establishing  thus  an  "efficacious 
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cx)nnection  between  the  maternal  uterus  and  the  embryo,  corresponding 
to  the  placenta  in  Mustelus  acanthias.'* 

Since  writing  the  above,  the  following  data  have  come  to  light  from 
Cu  vier  and  Duvemoy 's  *  *  Lemons  d' Anatomie  Compar6e  "  ( 1 846) .    They  say : 

In  the  eagle-ray,  Narinari,  there  is  developed  only  one  oviduct,  the  left of 

which  the  first  part  has  a  round  opening,  and  is  folded  lengthwise  throughout  its  whole 

extent The  second  part has  walls  extremely  thick  and  in  great  part 

glandular.  The  inner  surface  to  a  depth  of  3  to  4  millimeters  is  composed  of  interlacing 
filaments,  forming  an  irregular  mesh.  Then  comes  a  compact  glandular  layer,  almost  a 
centimeter  thick,  in  which  are  distinguishable  parallel  tubes,  running  straight  from  interior 
to  exterior.    This  glandular  part  is  enveloped  in  a  muscular  layer  clothed  in  peritoneum. 

Mr.  Coles  states  in  his  recent  paper  (1913)  that,  in  the  female  -4.  narinari 
which  gave  birth  to  the  four  young  above  referred  to,  one  uterus  was  much 
larger  than  the  other.  Dr.  Louis  Hussakof,  of  the  American  Museum  of 
Natural  History,  at  my  request  kindly  examined  this  specimen,  which  has 
been  deposited  in  the  Museum,  and  writes  that  the  left  oviduct  only  is 
enlarged  and  villous,  "the  right  being  very  small  in  comparison  and  with 
the  villous  layer  undeveloped." 

The  young  of  Coles's  ray  above  noted,  four  in  number,  were  delivered 
rolled  up  lengthwise,  as  is  common  in  viviparous  rays,  but  died  quickly. 
The  various  figures  of  plate  v,  but  especially  No.  11,  show  these  young 
shortly  after  birth,  while  figure  18,  plate  vii,  is  a  photograph  of  one  of  these 
taken  after  some  months'  preservation  in  formalin  or  alcohol.  On  com- 
paring this  young  with  an  adult,  it  will  be  noted  that  its  snout  is  shorter, 
its  forehead  steeper,  its  eye  and  spiracle  relatively  larger,  and  especially 
that  its  spots  are  fewer,  particularly  on  the  head.  This  specimen  measured 
286  mm.  across  the  disk,  was  171  mm.  long,  and  the  length  of  its  tail  was 
634  mm.  These  young  were  spotted  even  on  the  head  to  some  extent,  but 
Annandale's  young  specimen  (not  an  embryo)  of  this  ray  was  totally 
devoid  of  spots  (see  fig.  17,  plate  vii). 

In  connection  with  the  breeding  habits,  attention  is  called  to  the  fol- 
lowing table  showing  the  length  and  width  of  the  fish  and  the  length  of  the 
claspers  in  all  the  males  taken  by  me: 


Beaufort. 

'                               Key  West. 

Specimen 
No. 

Length, 
inches. 

Width, 
inches. 

Claspers.  length 
of.  inches. 

'  specimen 
■        No. 

Length, 
inches. 

Width.    Claspers.  length 
inches.        of.  inches. 

No.  I ... . 
No.  II.... 
No.  III... 

16 

511 

33i 
37 

0.S 
.8 
.9 

'no.  1 34i 

iNo.  II....        23 

No.  III...        24 

|No.  IV....       44 

33  0.8 
32       1               .6 

34  A 
62                    3.8 

From  this  table  the  conclusion  is  readily  drawn  that  only  the  last 
specimen  was  sexually  mature.  Furthermore,  compaiison  of  these  rays 
shows  that,  size  for  size,  males  of  Dasyatis  say  and  hastaia  have  much  smaller 
claspers  than  Pteroplatea  maclura.  Only  two  other  naturalists  seem  to  have 
noted  this  interesting  point.  Ruppell  (1835)  remarks  that  these  organs  are 
small  in  his  Red  Sea  specimen,  and  he  therefore  concludes  that  is  a  young 
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one.  Bleeker  (1852)  says  that  "the  genital  appendages  are  short,  conical, 
and  non-valvate."  Unfortunately  neither  author  gives  the  size  of  his  fish. 
The  other  common  Beaufort  Myliobatid,  Rkinoptera  bonasus,  likewise  has 
very  short  claspers.  None  which  I  have  taken  had  such  appendages  as  long 
as  an  inch.  Furthermore  Mr.  Coles  states  that  all  the  huge  males  of  A. 
narinari  that  he  has  taken  at  Cape  Lookout  had  claspers  shorter  than  in  rays 
of  the  same  relative  size  belonging  to  the  genus  Dasyatis. 

HABITAT. 

The  spotted  sting  ray,  Aetohatus  narinari,  is  cosmopolitan  in  the  tropical 
and  semitropical  waters  of  the  world.  First  found  on  the  coast  of  Brazil 
by  Abbeville  in  1614  and  by  Marc^^ve  and  Piso  in  1648,  it  has  since  been 
reported  from  the  same  waters  by  Agassiz  (1836),  Miiller  and  Henle  (1841), 
Jordan  and  Evermann  (1898),  and  lastly  by  Miranda  Ribeiro  (1907), 
293  years  after  the  French  friar  above  named  published  his  book. 

Next  it  is  heard  of  in  the  West  Indies,  where  it  was  taken  in  Jamaican 
waters  by  Sloane  (1697  and  1725)  and  by  Browne  (1756).  Euphrasen's 
specimen  came  from  St.  Bartholomew,  one  of  the  lesser  Antilles,  but  he 
gave  as  its  more  extended  habitat  the  West  Indies  and  especially  those 
east  of  the  Caribbean  Sea.  Forster  collected  his  Raja  edentula  in  the  South 
Seas  somewhere  between  1772  and  1776,  but  his  manuscript  was  not  pub* 
lished  until  1844.  Thus  it  came  about  that,  from  the  time  of  Abbeville 
in  1614  till  that  of  Russell  in  1804  (when  he  described  his  ocellated  raja 
from  the  Indian  Ocean),  a  space  of  190  years,  it  was  thought  that  this  ray 
was  peculiar  to  the  tropical  waters  of  the  western  Atlantic. 

Of  later  references  to  its  occurrence  in  Gulf-Caribbean  waters,  there  is 
no  dearth.  Henshall  (1895)  found  it  on  the  west  coast  of  Florida,  and 
Thompson  (Jordan  and  Thompson  1905)  10  years  later  collected  and  studied 
it  at  the  Tortugas.  While  in  Porto  Rican  waters  its  presence  has  been 
recorded  by  Poey  (1881),  by  Stahl  (1883),  and  lastly  by  Evermann  and 
Marsh  (1900),  in  their  exhaustive  study  of  the  fishes  of  that  island.  Finally 
Jordan  (1887)  and  Jordan  and  Evermann  (1896)  indicate  that  it  is  a  common 
form  throughout  the  West  Indies.  From  personal  observation  and  from 
inquiry  among  reliable  persons  I  am  assured  that  it  is  common  throughout 
the  Florida  Keys  from  Tortugas  to  the  mainland. 

Drifting  north  with  the  Gulf  Stream  in  summer,  its  presence  has  been 
recorded  at  Beaufort  by  Yarrow  (1877),  Jordan  and  Gilbert  (1879),  Jordan 
(1887),  Jordan  and  Evermann  (1896),  Smith  (1907),  Gudger  (1910, 1912A, 
1913),  and  by  Coles  (1910,  1913).  It  should  be  noted  that  Coles,  fishing 
at  Cape  Lookout  (12  miles  from  Beaufort),  has  seen  larger  numbers  and 
larger  specimens  of  this  ray  than  any  other  student  of  the  fish.  He  captured 
over  50  specimens  and  saw  great  schools  estimated  to  contain  hundreds  of 
individuals. 

Specimens  from  the  Red  Sea  have  been  described  by  Ruppell  (1835), 
by  MttUer  and  Henle  (1841),  and  by  Klunzinger  (1871).    The  first  reported 
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capture  of  this  fish  in  the  Indian  Ocean,  and,  except  for  Forster's  practically 
unknown  collections  from  the  South  Pacific,  the  first  from  any  waters  other 
than  the  western  Atlantic,  was  Russell's  spotted  ray  identical  with  A, 
narinari  on  the  Coromandel  coast  of  India  in  1803.  Among  the  specimens 
on  which  MUller  and  Henle  (1841)  based  their  description  was  one  or  more 
from  Indian  waters.  Day  (1865)  first  collected  it  on  the  Malabar  coast, 
and  later  (1878)  reported  it  as  common  in  all  the  northern  waters  of  the 
Indian  Ocean  from  the  Red  Sea  to  the  Straits  of  Malacca,  but  especially  in 
the  estuaries  of  India.  While  Gunther  (1880)  found  in  the  collections  of 
the  British  Museum  two  half-grown  specimens  from  the  Seychelles,  a  group 
of  islands  north  of  Madagascar.  From  this  data  we  see  that  it  is  widely 
scattered  throughout  the  Indian  Ocean. 

Nevertheless,  Annandale,  the  latest  writer  on  Indian  rays,  in  1909 
expressed  the  opinion  that  A.  narinari  is  restricted  to  the  Atlantic  Ocean, 
and  that  the  Indian  forms  are  to  be  classed  as  A.flagellum  and  A.  guttata* 
However,  in  a  later  paper  (1910),  he  abandons  this  conclusion  and  finds  that 
A.  narinari  occurs  in  the  Indian  Ocean  in  three  color  varieties.  For  his 
illuminating  description  of  these  see  quotation  on  page  271. 

Found  in  the  Malayan  waters  as  recorded  by  Cantor  (1849)  ^^d  by  Day 
(1878)  as  previously  noted,  Bleeker  (1852)  says  that  it  is  common  throughout 
the  whole  of  the  East  Indian  Archipelago,  as  his  lists  of  fishes  for  a  dozen 
islands  show.  However,  for  the  Australian  coast  but  one  record  has  been 
found.  J.  Douglas-Ogilby  (1886)  notes  its  capture  at  Cape  Hawke,  New 
South  Wales. 

It  is  in  the  Pacific,  as  is  to  be  expected,  that  we  find  Aitobatus  narinari 
most  widely  distributed.  If  it  is  agreed  that  Quoy  and  Gaimard's  5- 
spined  ray  is  a  synonym  of  our  fish,  then  the  first  capture  of  A.  narinari  is 
reported  from  Guam,  one  of  the  Ladrones,  in  1824.  It  is  true,  however, 
that  Schneider  (Bloch  and  Schneider  1801)  had  quoted  from  Forster's 
manuscript  that  the  latter  had  taken  and  described  our  ray  under  the  name 
Raja  edentula  at  Otaheite,  one  of  the  Paumotu  group,  in  the  years  1 772-1 774. 

More  captures  of  this  ray  have  been  reported  from  the  Sandwich  Islands 
than  from  any  other  group  in  the  Pacific.  In  1858,  Agassiz  proposed  the 
name  Goniobatis  meleagris  for  a  specimen  sent  him  from  this  r^on.  The 
name  was  never  adopted  and  the  specimen  seems  to  have  been  lost.  It  is 
presumed  that  this  ray  is  to  be  identified  as  A.  narinari,  since  no  other  ray 
of  the  kind  has  ever  been  collected  there,  and  Jenkins  (1904)  and  Jordan 
and  Evermann  (1905)  so  agree.  In  1901,  Steindachner  identified  as 
A,  narinari  a  spotted  ray  collected  by  Schauinsland  in  1896-97  at  Laysan, 
one  of  the  extreme  northwestern  islands  of  the  group.  On  the  taking  over 
of  these  islands  by  the  United  States,  their  aquatic  resources  were  admirably 
worked  up  by  the  United  States  Bureau  of  Fisheries.  Fishes  are  reported 
on  in  two  papers.  Jenkins  (1904)  lists  our  ray  (making  it  a  synonym  for 
Goniobatis  meleagris)  as  common  at  Honolulu,  being  for  sale  in  the  market, 
while  Jordan  and  Evermann  (1905)  procured  it  at  both  Honolulu  and  Hilo. 
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Elsewhere  in  the  Pacific,  Jordan  and  Seale  (1907)  have  taken  it  at  Cavite, 
Philippine  Islands,  and  Gunther  has  described  a  young  male  from  Samoa  pre- 
served in  the  Museum  GodeflFroy  at  Hamburg.  In  the  same  article  he  notes 
that  there  is  on  deposit  in  the  British  Museum  a  pair  of  large  tooth  plates 
collected  in  the  Solomon  Islands  by  Woodford. 

In  1867  Gill  received  from  San  Francisco  a  spotted  ray  from  an  unknown 
habitat;  to  which  he  gave  the  name  A.  laOceps.  Jordan  (1895)  finds  rays 
all  along  the  Pacific  coast  from  the  Gulf  of  California  to  Panama  practically 
identical  with  Gill's  ray  and  with  West  Indian  specimens  of  A.  narinari. 
Later  Qordan  and  Evermann  1898)  he  advises  that  Gill's  specific  name  be 
dropped  and  the  ray  be  considered  as  A.  narinari, 

Gilbert  and  Starks  (1904)  report  A.  narinari  as  frequently  seen  in  the 
Bay  of  Panama  and  note  that  the  specimens  they  examined  were  in  no 
particulars  different  from  those  described  by  Jordan  from  Sinaloa  (1895). 

From  the  above  data  it  will  be  seen  that  the  habitat  of  this  ray  is  coex- 
istent with  the  tropical  and  semitropical  waters  which  encircle  the  globe. 

ECONOMIC  VALUE. 

Marcgrave's  statement  that  the  flesh  of  A.  narinari  has  a  good  flavor 
and  is  suflicient  (in  the  case  of  his  or  some  other  large  specimen)  to  feed 
40  men  indicates  that  this  ray  among  others  was  eaten  in  Brazil  even  at  that 
early  day.  Sloane  (1725)  declares  it  to  be  eatable,  and  Browne  (1756) 
says  it  wa&  well  liked  by  the  Jamaicans,  while  Forster  (the  specific  name  of 
whose  ray  is  edentula)  some  fifty  years  later  found  it  "not  the  last  fish"  at 
the  feasts  of  the  Otaheitans.  Further  Euphrasen  (1790)  afiirms  that  its  flesh 
is  white  and,  when  properly  prepared,  that  it  is  equal  to  that  of  the  best  fish 
eaten  in  Sweden,  from  which  we  may  conclude  that  it  was  habitually  eaten 
in  the  Lesser  Antilles. 

On  this  subject  Bleeker  (1852)  writes:  "The  flesh  of  Aetobatis  narinari 
is  of  a  rather  dark  bluish  color  and  in  Batavia,  especially  among  the  Chinese, 
it  is  much  sought  for  and  commands  a  high  price."  Day  (1878)  notes 
that  this  ray  is  eaten  by  the  natives  of  Hindustan.  Jenkins  (1904)  found 
it  for  sale  in  the  market  at  Honolulu,  from  which  we  may  infer  that  it  is 
habitually  eaten  in  the  Sandwich  Islands.  Probably  fuller  investigations 
will  show  that  it  is  a  common  artide  of  food  throughout  the  Pacific. 

Since  great  numbers  of  other  and  more  edible  fishes  are  to  be  had  for 
the  catching  or  are  for  sale  at  exceedingly  low  prices,  neither  A.  narinari 
nor  any  of  the  other  rays  found  at  Beaufort  or  Key  West  are  used  for  food 
there.  However,  it  is  stated  by  some  sailors  and  deep-sea  fishermen,  that 
the  pectoral  fins  of  the  rays  (kinds  not  specified)  are,  when  properly  pre- 
pared, excellent  for  the  table.  As  to  this,  the  writer  is  unable  to  speak 
from  experience,  but  he  has  eaten  the  fins  of  the  common  southern  stingaree, 
Dasyatis  hastata,  and  found  them  very  palatable. 
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GENERA  AND  SPECIES  OF  ANGLE-TOOTHED  RAYS. 

The  observations  of  the  present  writer  having  been  restricted  to  one 
form,  Aetobatus  narinari,  and  that  in  but  two  localities,  he  hesitates  to  go 
into  this  subject  further  than  to  collect  here  the  data  brought  together  in 
the  historical  part  of  this  research.  It  is  certain  that  the  fish  is  subject 
to  great  variation,  and  it  is  possible  that  the  great  differences,  especially 
in  color  and  in  the  presence  or  absence  of  spots  on  various  parts  of  the  body, 
are,  as  Gunther  (1870)  found  for  the  teeth,  varietal  and  not  specific.  If 
many  specimens  from  the  various  tropical  waters  could  be  collected  and 
compared  by  such  taxonomists  as  Gill,  Jordan,  Evermann,  Boulenger, 
Smith,  or  Regan,  it  might  be  possible  to  reconcile  the  many  discrepancies 
revealed  in  the  various  descriptions  quoted  in  this  paper.  Descriptions 
are  at  best  very  unsatisfactory,  while  figures,  being  for  the  most  part 
made  from  (more  or  less  badly)  preserved  specimens,  are  but  little  less  so. 
What  is  needed  is  to  have  these  various  rays  side  by  side  that  critical  ex- 
amination and  careful  measurements  of  minute  details  of  structure  might 
be  made.  But  these  fishes  are  so  large  and  unwieldy,  and  their  preservation 
for  these  reasons  so  difficult,  that  such  an  examination,  however  much  to  be 
wished  for,  is  of  the  very  distant  future. 

There  are,  however,  at  least  two  and  possibly  three  or  four  well-marked 
species  which  seem  to  have  gained  places  for  themselves  in  ichthyological 
literature.  But  at  least  one  generic  and  several  specific  names  have  been 
given  which  do  not  seem  to  have  had  permanence.  One  species  has  been 
pretty  firmly  established,  but  is  attributed  to  an  author  who  merely  copied 
from  another  copier.  Other  Myliobatids  have  by  some  been  made  syn- 
onymous with  A,  narinarif  when  they  belong  to  entirely  different  genera. 
The  facts  will  be  herein  presented  and  the  reader  may  form  his  own  con- 
clusions independently  of  these  expressed  by  the  present  writer. 

Aetobatus  narinari. 
genuine  synonyms. 

The  species  known  longest  and  best  is  Aetobatus  narinari,  the  history 
of  whose  nomenclature  will  now  be  briefly  sketched.  The  name  narinari 
(in  its  various  spellings)  appears  to  have  been  a  Brazilian  or  Indian  word 
meaning  sting  ray.  It  seems  to  have  been  first  applied  to  the  ray  bearing 
that  name  by  Abbeville  in  1614,  but  the  name  and  the  ray  were  together 
first  given  a  place  in  scientific  literature  by  Marcgrave  in  1648.  Euphrasen 
(1790)  first  designated  it  binomially  as  Raja  narinari,  wisely  retaining  the 
native  name,  and  to  him  is  due  the  credit  for  having  assigned  the  specific 
designation.  For  the  specific  characters  see  descriptions  by  Marcgrave  and 
Euphrasen,  pages  246  and  249. 

However  proper  the  specific  term,  Euphrasen's  generic  name  was  entirely 
too  indefinite,  so  Biainvilie  in  181 6  established  the  genus  Aetobatus,  with  the 
following  characters: 
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Body  fleshy  with  pectoral  fins  shaped  like  an  eagle's  wings;  head  thick,  not  beaked 
{mm  rostrata),  furnished  with  a  simple  appendage  in  front;  eyes  lateral;  teeth  broad,  smooth, 
polygonal,  united,  palatine;  pectoral  fins  pointed;  anterior  margin  convex,  f>osterior  concave; 
pelvic  fins  small,  round,  whole;  dorsal  fin  single  on  the  root  of  a  tail  at  times  extremely  long, 
flagelliform,  armed  with  a  serrate  spine,  without  fin  at  extremity. 

Following  this  is  a  list  of  species,  ten  in  all,  of  which  narinari  is  one. 

In  1828,  Blainville,  in  "Faune  Frangaise"  under  the  heading  "Poissons 
Cartilagineux,"  without  assigning  any  reason  whatever  therefor,  writes  the 
generic  name  Aetobatis  and  repeats  almost  verbatim  the  generic  charac- 
ters given  above.  The  chief  difference  is  that  the  teeth  are  now  described 
as  "large,  smooth,  polygonal,  united  into  two  plates,  one  lingual,  the  other 
palatine,"  but  in  neither  set  of  characters  are  the  teeth  of  the  lower  plate 
described  as  bent  or  angled  with  the  projection  forward.  The  generic 
term  Aetobatus,  having  been  assigned  with  definite  and  correctly  designating 
characters  twelve  years  previously,  is  the  correct  name  for  the  genus  and  is 
accordingly  so  used  throughout  this  paper.  It  should  be  noted  here  that 
narinari  is  not  named  as  a  species  under  this  new  genus  Aetobatis. 

Miiller  and  Henle  (1841),  in  their  epoch-making  "Systematische  Be- 
schreibung  der  Plagiostomen,"  once  and  for  all  gave  our  ray  a  definite 
place  in  ichthyological  literature  as  Aetobatis  narinari.  Their  description 
is  elsewhere  (page  251)  given  and  need  not  be  repeated  here,  but  it  should 
be  noted  that,  among  the  generic  characters,  they  say  of  the  teeth  that 
the  under  jaw  projects  beyond  the  upper  jaw,  which  has  a  straight  edge, 
while  the  under  jaw  has  the  teeth  bent  parallel  to  the  edge  of  the  same;  the 
teeth  plates  in  each  jaw  form  a  single  row  without  lateral  teeth  and  do  not 
occupy  the  whole  breadth  of  the  jaw,  while  for  A.  narinari  it  is  stated 
that  the  lower  teeth  are  in  the  form  of  a  flat  arch  {flache  Bogen). _T\iey  are 
the  first  authors  to  base  their  description  on  abundant  material,  since  they 
had  at  hand  12  specimens,  6  dry  and  as  many  in  alcohol,  from  such  widely 
different  regions  as  the  waters  of  Brazil,  the  Red  Sea,  and  the  East  Indies, 
The  great  pity  is  that,  not  knowing  of  Blainville's  early  name,  they  should 
have  assigned  the  later  generic  term  which  has  unfortunately  been  used  down 
to  the  present  time. 

In  working  up  the  synonymy  of  Aetobatus  narinari,  it  is  now  necessary 
to  return  and  to  identify  certain  rays  described  in  the  interval  between 
Euphrasen's  assigning  the  specific  name  and  MtiUer  and  Henle's  firmly 
establishing  our  ray  as  a  distinct  form. 

Schneider  (Bloch  and  Schneider  1801)  adopted  Euphrasen's  nomencla- 
ture. Raja  narinari,  and  although  he  copied  Euphrasen,  Forster,  and  others, 
he  expressly  says  that  he  had  a  hitherto  undescribed  specimen.  Russell's 
(1803)  Raja  ocellata,  Eel  Tenkee  of  the  natives,  is  plainly  an  A.  narinari,  as 
figure  6,  plate  iii,  shows.  So  likewise  is  Raffles's  (1830)  Myliobatis  narinari, 
which  is  expressly  identified  by  Bennett  with  Raja  narinari  Euphrasen 
and  with  Eel  Tenkee  Russell  and  is  thought  (erroneously)  to  be  the  same 
as  Shaw's  Raja  guttata. 
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In  1 835,  Ruppell  described  his  MyUobatis  eeltenkee  from  the  Red  Sea.  This 
ray  is,  as  his  figure  of  the  teeth  (text-fig.  8)  shows,  an  Aetobatus,  and  his  de- 
scription as  surely  makes  it  narinari.  Cuvier  (1817)  gives  in  the  atlas  of  the 
volume  "Poissons"  of  his  "  Regne  Animal "  a  figure  (see  text-fig.  12)  of  the 
teeth  of  MyUobatis  narinari,  but  his  text  contains  no  reference  whatever  to  it. 

As  noted  elsewhere,  Forster  collected  in  the  South  Seas  in  1772-74  a  ray 
which  he  called  Raja  edenttda.  His  manuscript,  published  in  1844,  contains 
a  careful  description  which  plainly  makes  his  ray  identical  with  the  fish 
being  studied.  It  has,  however,  been  generally  overlooked  by  authors. 
Blainville  (1816)  possibly  refers  to  it  when  he  ^vesfosteri  as  one  of  his  ten 
species  of  Aetobatus.  Cuvier,  in  "Regne  Animal"  (edition  of  181 7),  lists 
Raja  narinari,  quoting  Marc^rave's  narinari  as  a  synonjmi.  In  a  later 
edition  of  the  same  work  he  gives  the  name  Myliobatis  narinari.  In  neither 
case  does  he  give  any  description.  It  should  be  noted,  however,  that  the 
earlier  reference  is  in  a  footnote  to  the  genus  Myliobatis. 

Notwithstanding  the  lack  of  spots  on  the  head  and  anterior  edges  of  the 
pectorals,  there  seems  to  be  little  doubt  that  Cantor's  (1849)  Stoasodon 
(porch  or  projecting  tooth)  narinari  is  a  synonym  of  our  fish.  Indeed  his 
giving  it  the  specific  name  indicates  this.  Why  he  introduced  a  new  generic 
term  is  imknown  to  the  writer.  Following  the  lead  of  M  tiller  and  Henle, 
Bleeker  (1852)  uses  Aetobatis  narinari,  as  does  Day  (1865),  though  Day's 
ray  lacked  the  spots  on  the  head. 

Five  years  later  Gunther  (1870),  from  the  wealth  of  material  in  the 
British  Museum,  consisting  of  ten  specimens,  two  multi-spined  tails,  one 
set  of  large  jaws,  and  two  sets  of  excised  teeth,  made  one  species,  Aetobatis 
narinari,  and  this  notwithstanding  the  fact  that  the  "teeth  of  the  lower  jaw 
are  sometimes  angularly  bent,  sometimes  nearly  straight."  Gunther 
declares  that  these  form  such  a  series  that  he  is  satisfied  that  the  differences 
are  entirely  individual  and  in  no  wise  specific.  Further  he  makes  all  the 
preceding  forms  (except  Raja  edentula,  which  seems  to  have  been  unknown 
to  him)  synonymous  with  A  etobatis  narinari.^  This  decision  of  this  great  sys- 
tematist,  based  upon  the  most  abundant  material  since  Miiller  and  Henle's, 
and  resulting  in  the  adoption  of  their  nomenclature  and  its  repetition  in  his 
"  Guide  to  the  Study  of  Fishes,"  authoritatively  fixed  the  name  until  this  day. 

Accordingly  Klunzinger  (1871)  named  his  Red  Sea  ray  Aetobatis  narinari, 
though  it  lacked  the  spots  on  the  head.  Day  (1878)  also  uses  the  name  for 
Indian  Ocean  rays,  though  they  also  are  devoid  of  cephalic  spots.  Jordan  and 
Gilbert  (1882)  prefer  this  name,  as  does  Douglas-Ogilby  (1886).  Henshall 
(1895),  however,  reverts  to  Cantor's  nomenclature,  Stoasodon  narinari,  for 
a  specimen  from  the  West  Coast  of  Florida. 

Jordan  (1895)  uses  for  the  Pacific  coast  form  the  name  Aetobatus  narinari, 
which  the  present  writer  believes  to  be  correct,  while  Jordan  and  Evermann 
(1896)  prefer  the  same  termination  for  all  American  rays  of  this  kind.    So 

1  Among  these  are  such  definite  species  as  the  ray  called  Ra^ja  fiattUum  by  Bloch  and  Schneider  and  Aito- 
batis  fiagtUum  by  MUUer  and  Henle.  as  weU  as  such  doubtful  ones  as  Raja  guttata  Shaw.  Raja  quimmadaU 
Quoy  and  Gaimard,  to  say  nothing  of  such  a  form  as  Goniobatis  (correctly  Myliobatis)  macroptera  McClelland, 
which  is  not  even  an  ACtobatine.    All  the  data  available  will  be  given  for  these  forms  in  the  next  few  paces. 
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does  Stdndachner  (1901).  Moreover,  Evermann  and  Marsh  (1900)  and 
Jenkins  (1904)  write  it  -tus,  as  do  Gilbert  and  Starks  (1904).  Nevertheless, 
one  year  later  Jordan  and  Evermann  (1905)  and  Jordan  and  Thompson 
(1905)  again  take  up  Cantor's  generic  term  Stoasodon,  retaining  narinari  as 
the  specific  name.  However,  in  the  same  year  was  published  Jordan's  great 
"Guide  to  the  Study  of  Fishes,"  in  which  the  name  is  written  -tus,  while 
two  years  later  he  and  Seale  name  the  Philippine  form  Stoasodon. 

Miranda  Ribeiro  (1907),  who,  if  one  may  judge  by  his  table  of  synonyms, 
has  gone  into  the  question  of  synonymy  more  carefully  than  any  one  else, 
uses  the  correct  name  Aetobatus,  referring  it  directly  to  Blainville's  paper  of 
1816.  This  name  is  also  used  by  Coles  (1910,  1913).  Not  so,  however, 
Annandale  (1909-1910)  and  Gunther  (1910),  since  they  retain  the  Mttller 
and  Henle  terminology.  However,  all  these  names  seem  to  refer  to  the 
same  spotted  eagle  ray,  which,  if  there  is  any  virtue  in  priority,  must  be 
designated  AStobaius  narinari. 

DOUBTFUL    SYNONYMS. 

It  is  now  necessary  to  take  up  the  descriptions  of  certain  rays  the  names 
of  which  have  been  declared  by  certain  authors  to  be  synonymous  with  the 
ray  originally  named  by  Marcgrave,  Narinari,  but  about  the  correctness 
of  which  much  doubt  exists. 

First  of  these  is  Raja  guttata,  which  is  ordinarily  ascribed  to  Shaw,  but 
which  was  first  described  by  Bloch  and  Schneider  in  1801  in  the  following 
words:  "Body  ashy-gray,  black,  guttated  and  spotted,  head  heart-shaped, 
tail  finned  and  twice  as  long  as  the  body."  This  ray  they  make  identical 
with  Marcgrave's  Brazilian  ray  Jabebireba  or  Jabebirete,  which,  however, 
b  not  an  eagle  ray  at  all. 

Raja  guttata,  the  spotted  ray  of  Shaw  (1804),  is  by  many  authors  identi- 
fied as  A.  narinari,  and  Shaw  himself  says  that  it  is  identical  with  Marc- 
grave's Narinari  and  with  Russell's  Ed  Tenkee.  His  figure  is  reproduced 
herein  as  figure  20,  plate  vm,  and  his  description  may  be  found  on  page 
313  of  this  paper.  Inspection  of  this  figure  and  comparison  with  that  which 
forms  the  frontispiece  to  this  paper,  and  with  any  other  figure  which  has 
been  identified  in  this  article  with  A.  narinari,  will,  I  believe,  show  that  no 
allowance  for  bad  drawing  can  account  for  the  great  discrepancies.  Later 
I  shall  show  that  this  figure  is  not  original  with  Shaw,  but  that  he  copied 
a  mirror  image  of  Lac6p^e's  figure  labeled  "La  Raie  Aigle";  and  that 
Lac^pMe  in  turn  copied  an  unpublished  figure  of  Commerson's  of  an  eagle 
ray  which  he  had  figured  from  Madagascar  waters.  With  these  facts  before 
him  the  present  writer  rejects  Raja  guttata  Shaw  as  a  synonym  for  A .  narinari. 

It  is  possible  that  Quoy  and  Gaimard's  (1824)  Raja  guingueaculata  may, 
as  Jordan  and  Evermann  (1896)  and  many  other  taxonomists  think,  be 
Identified  with  A .  narinari.  The  points  in  favor  of  such  identity  are :  (i)  the 
elongated  snout  curved  at  the  tip;  (2)  body  above  dark  brown  in  color  and 
sprinkled  with  round  blue  spots;  (3)  tail,  which  "appears  to  have  been  cut 
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off  by  accident,"  with  a  dorsal  fin  and  five  spines  very  similar  to  those  found 
on  my  best  Beaufort  specimen.  Their  figure  of  the  fish  was  lost,  and,  what 
is  most  of  all  to  be  regretted,  they  omit  any  description  of  those  structures, 
the  teeth,  which  would  have  forever  settled  the  question  of  identification. 
At  first  the  present  writer  was  inclined  to  admit  the  identity,  but  further 
study  has  brought  out  certain  objections. 


Text-fig.  i8. — Myliobatis  macroptera,  after  Text-fig.  19. — Ventral  view  of  head 

McClelland,  India.  region  of  same. 

Quoy  and  Gaimard  preserved  the  tail  and  deposited  it  in  the  Museum 
(of  Paris?)  and  in  their  plates  give  a  figure  of  it.  A  photograph  of  this  draw- 
ing and  of  my  4-spined  Beaufort  specimen  is  shown  in  figure  7,  plate  rv. 
It  is  very  noticeable  that  the  large  white  spot  found  on  the  upper  and  back 
part  of  the  dorsal  of  A.  narinari  is  absent  from  that  of  the  5-spined  ray. 
In  all  the  dorsals  of  both  Beaufort  and  Key  West  specimens  examined  by 
me,  it  has  been  present  save  in  one  only,  and  it  a  badly  preserved  one. 
This  objection  alone  is,  however,  not  of  sufficient  weight  to  negative  the 
identity,  but  in  the  course  of  this  research  the  present  writer  chanced  upon 
a  description  by  Miklouho-Maclay  and  Macleay  (1886)  of  a  spotted  ray, 
Myliobatis  punctatus,  from  the  Admiralty  and  Hermit  Islands.  This  ray 
also  had:  (i)  an  elongated  snout  turned  up  at  the  tip;  (2)  the  upper  surface 
(greenish-gray)  dotted  with  (irregularly  scattered  dirty-white)  spots;  (3)  a 
short  tail  with  a  dorsal  followed  by  two  serrated  spines.  So  far  the  de- 
scriptions are  quite  parallel,  and  the  figures  of  this  latter  ray  (No.  21,  plate 
viii)  might  well  be  taken  for  the  former,  but  these  authors  go  on  to  describe 
what  the  others  do  not,  the  teeth  which  are  in  "many  longitudinal  rows." 
To  the  present  writer  it  seems  quite  as  easy  to  identify  the  5-spined  ray  as 
Myliobatis  punctatus  as  A.  narinari^  and  because  of  these  doubts  he  prefers 
to  omit  it  from  his  table  of  synonyms. 
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Jordan  and  Evermann  (1896),  probably  quoting  Gunther  (1870),  include 
among  their  synonyms  Goniobaiis  macroptera  McClelland.  On  looking  up 
McClelland's  paper  (1840),  one  finds  that  he  describes  and  figures,  under 
the  name  MyUobaUs  macroptera,  an  eagle  ray  from  the  Indian  Ocean.  Text- 
figures  18  and  19  are  reproductions  of  his  drawings,  the  latter  of  the  under 
side  of  the  head.  If  the  figure  be  inspected  carefully,  it  will  be  seen  that 
the  dorsally  placed  eyes,  the  short,  round-pointed  pectorals  forming  pos- 
teriorly a  rounded  projection  where  the  tail  joins  the  body,  the  broad-based, 
square-ended  ventrals,  which  McClelland  says  equal  one-third  the  entire 
length  of  the  body,  the  short  tail,  the  roughly  parallel  lines  extending  across 
the  disk  and  bent  backwards  over  the  body  proper,  and  the  few  scattered 
spots  on  the  pectorals  only  are  not  found  in  any  figure  or  description  of  A. 
narinari  published  by  any  other  writer.  Then  if  text-figure  19  be  studied, 
it  will  be  seen  that  the  lower  jaw  is  square-cut  instead  of  angled  outwards. 
Further  McClelland  compares  his  ray  with  M.  maculatus,  notes  that  it  has 
rounded  ventrals,  whereas  his  ray  has  angular  fins,  and  ends  by  declaring  that 
his  ray  is  an  entirely  new  form.  These  points  clearly  show  that  MyUobatis 
macroptera  can  by  no  means  be  considered  as  identical  with  A.  narinari. 

In  a  verbal  communication  to  the  Boston  Society  of  Natural  History, 
June  16,  1858,  Agassiz  (1859)  proposed,  on  the  basis  of  a  specimen  sent 
from  the  Sandwich  Islands,  a  new  genus,  Goniobaiis,  for  angle-toothed  rays 
having  the  palate  broadest  behind  and  with  plates  obtusely  angular  having 
the  rounded  edges  forward.  This  description  exactly  fits  Cuvier's  drawing  of 
the  teeth  of  Myliobatis  narinari  (see  text-fig.  12).  For  the  specific  name, 
Agassiz  used  the  term  meleagris  (guinea  fowl),  probably  in  allusion  to  the 
spots.  Neither  term  seems  ever  to  have  been  used,  and  Jenkins  (1904) 
considers  the  name  synonymous  with  A .  narinari.  This  is  probably  correct, 
but  as  the  fish,  so  far  as  the  present  writer  knows,  was  never  carefully 
described,  we  can  not  be  absolutely  sure.  Agassiz  also  proposed  that  the 
A.  flageUum  of  the  Indian  Ocean  be  renamed  Goniobaiis  flagellum,  but  his 
suggestion  was  never  taken  up. 

In  1867,  Dr.  Theodore  N.  Gill  described,  under  the  name  Aetobatis  laticeps^ 
a  spotted  ray  sent  from  San  Francisco,  but  of  unknown  habitat.  As  the 
specific  name  implies,  the  head  was  wide  and  the  snout  obtusely  rounded. 
Jordan  and  Evermann  (1896)  assign  it  a  place  in  their  **  Fishes  of  the  North 
and  Middle  America"  (vol.  i,  page  88)  and  give  as  its  habitat  the  west 
coast  of  Mexico  from  the  Gulf  of  California  to  Panama,  but  mark  it  as 
doubtfully  separated  from  A.  narinari.  Gill  himself  notes  that  it  is  closely 
related  to  this  form  and  also  to  A.  latirostris  A.  Dum^ril,  and  probably  not 
far  from  Agassiz's  Goniobatis  meleagris.  In  his  "Fishes  of  Sinaloa"  (1895) 
Jordan  states,  on  the  authority  of  Evermann,  that  this  west  coast  supposed 
A.  laticeps  is  identical  with  A.  narinari;  while  later  (1898),  in  volume  iii  of 
the  "  Fishes,"  etc.,  he  proposes  to  omit  A.  laticeps  as  a  species  on  the  ground 
that  no  essential  differences  between  it  and  A.  narinari  can  be  found. 
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AfiTOBATUS   FLAGELLUM. 

This  ray  is  the  second  of  the  two  definitely  established  species.  Under 
the  name  Raja  flagellum,  it  was  first  described  and  figured  by  Bloch  and 
Schneider  (1801).  They  give  the  characters  as  follows:  Body  width  equals 
twice  the  length,  head  and  pectoral  fins  pointed,  dorsal  fin  short,  one  or 
two  spines  serrated  on  both  sides  at  the  base  of  the  whip-lash-like  tail,  which 
is  four  times  longer  than  the  body.  Habitat:  Indian  Sea  on  the  coast  of 
Coromandel.  A  photographic  copy  of  their  colored  drawing  is  given  as 
figure  24,  plate  x.  This  unfortunately  does  not  show  the  parallel  striations 
running  from  front  to  back  across  the  pectoral  fins.  It  must  be  noted  that 
in  their  diagnosis  of  the  characters  they  say  nothing  of  the  teeth,  but  in  the 
smaller  figure,  showing  the  under  parts  of  the  head,  the  projecting  lower  jaw 
with  its  rounded  tooth  leaves  no  doubt  as  to  these  structiu-es.^ 

Blainville  (1816)  after  giving  the  characters  of  the  genus  Aetobatus  (see 
page  307)  enumerates  flagellum  as  one  of  the  species  under  this  genus. 

Miiller  and  Henle  (1841),  after  examining  21  specimens  from  India  and 
the  Red  Sea,  established  the  form  AeU)batis  flageUum,  giving  as  a  synonym 
Raja  flagellum  Bloch  and  Schneider.  Among  its  distinctive  characters  are: 
Snout  wide  at  base,  small,  and  only  about  three  times  as  long  as  the  nasal 
lobes;  teeth  sharply  rounded;  no  spots;  disk  above  dark  violet  or  bronzy  or 
coppery,  white  below.  Richardson  (1846)  lists  this  ray  in  his  "Fishes  of 
China  and  Japan,"  but  does  nothing  more  than  refer  to  Miiller  and  Henle 
and  to  Bloch  and  Schneider.  Likewise  Blyth  (1861)  contents  himself  with 
recording  it  in  his  "Cartilaginous  Fishes  of  Lower  Bengal,"  but  gives  no 
information  whatever  about  it.* 

The  next  reference  to  A.  flageUum,  which  has  been  chanced  upon  is 
from  A.  Dum^ril  (1865).  In  this  paper  is  a  fine  plate  showing  the  head 
of  what  he  calls  A.  fouet  {A,  flagellum  Miiller  and  Henle).  This  elegant 
plate  is  reproduced  as  figure  8,  plate  iv,  of  this  paper,  and  C  is  the  head 
referred  to.  Attention  is  called  to  the  extremely  long  head  and  snout, 
the  latter  being  very  slender  and  narrow,  to  the  lateral  eyes,  to  the  spiracles 
with  their  backwardly  prolonged  depressions,  and  to  the  complete  absence 
of  spots.  It  is  greatly  to  be  regretted  that  Dum6ril  gives  us  no  data  as  to 
the  fish  from  which  the  figure  was  made. 

Earlier  in  this  paper  (page  309)  it  has  been  noted  that  Gunther  (1870) 
makes  R.  flagellum  Bloch  and  Schneider  a  synonym  of  A.  narinari.  This  is 
a  palpable  error  which  curiously  enough  has  been  repeated  by  Jordan  and 
Evermann  (1896),  who  probably  copied  Gunther.  The  facts  are  as  follows: 
On  page  361  of  Bloch  and  Schneider  (1801),  under  genus  Raja,  No.  10  is 
R.  flagellum;  lower  on  the  same  page,  No.  11  is  R.  narinari. 

^  In  hif"  *  Analecten  fflr  Ven^eicliende  Anatomie/*  •ammlimg  I.  published  at  Bonn  In  XS35.  A.  F.  J.  C. 
Mayer  describes  RaJa  fasciata  Mas."  This  ray  was  6  inches  long  with  a  35-inch  tail.  Of  it  he  sasrs:  **  Both 
the  upper  and  the  lower  jaw  is  each  overlaid  with  a  tooth-plate  consisting  of  about  seven  horse-shoe  shaped 
lamelue.  .  .  .  The  side  &is  are  striped  and  are  cut  in  a  half-moon  shape."  This  might  lead  one  to  ttiink 
that  he  had  an  eagle  ray  like  Bloch  and  Schneider's  Raja  fiageUum,  but  he  says  further.  **  Head  square 
(viereddg)." 

>  Agasslz's  (1859)  attempt  to  rename  this  ray  GonicbaHs  fiagtUum  has  been  previously  referred  to. 
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Having  made  no  careful  search  for  references  to  A.  flagellum,  it  is  quite 
likely  that  I  have  overlooked  a  number.  However,  the  only  other  one 
which  has  been  found  is  in  Annandale's  "Batoidei  of  the  Indian  Ocean" 
(1909).  This  author  considers  this  ray  rare  in  the  upper  part  of  the  Bay 
of  Bengal,  since  he  has  seen  but  two  examples  and  a  head.  However,  he 
gives  an  elegant  figure,  reproduced  herein  as  figure  25,  plate  x.  Especial 
attention  is  called  to  the  extreme  length  of  the  head  and  snout,  to  the  lateral 
eyes,  and  to  the  widely  spread  ventrals  with  their  claspers  free  only  at  their 
very  extremities,  as  in  young  Beaufort  and  Key  West  specimens. 

Text-figure  6  is  also  reproduced  from  Annandale.  A  in  this  is  a  ventral 
view  of  head  and  mouth  parts  of  A,  flageUum.  The  lower  jaw  in  this  ray 
does  not  seem  to  project  so  much  as  in  the  other  A^tobatines,  notably  in 
A.  narinari,  as  shown  in  figure  i,  plate  i.  B  and  C  are  ventral  views  of  the 
heads  of  A.  guttata  and  A.  narinari  respectively.  The  latter  purports  to 
have  been  copied  from  Jordan  and  Evermann  (1898),  but  as  has  been  shown 
elsewhere  is  very  defective.    The  former  ray  will  now  be  briefly  discussed^ 

Aetobatus  guttata. 
The  history  of  this  ray,  the  third  of  the  definitely  established  species, 
is  very  obscure,  but  the  facts  seem  to  be  as  follows:  Under  the  name  Raja 
guttata  it  was  first  described  by  Bloch  and  Schneider  in  1801.  Their  brief 
and  imperfect  description  may  be  found  on  page  309  of  this  paper.  The 
species  seems  to  have  been  given  a  definite  place  in  ichthyological  literature 
by  Shaw  (1804),  whose  description  reads  as  follows: 

Greatly  allied  to  Raja  aquila  in  appearance,  but  with  a  more  produced  head  or  snout; 
color  above  deep  cinereous,  pretty  thickly  marked  with  small,  round,  white  or  whitish  spots; 
tail  fins  and  spines  placed  nearer  the  body  than  in  the  preceding  [Raja  aquila  with  an  ordinary 
sting  ray  (Dasyatis)  tail  and  spine],  of  which,  however,  it  has  sometimes  been  considered  a 
variety  rather  than  as  truly  distinct;  a  native  of  the  Indian  and  African  seas;  observed  by 
Commerson  about  the  coasts  of  Madagascar,  by  Dr.  Russel  about  those  of  Coromandel, 
and  long  ago  by  Marcgrave  about  those  of  Brazil. 

Shaw  gives  a  figure  of  this  ray,  which  on  investigation  I  find  to  be  a 
copy  of  Lac6pMe*s  (1798)  drawing  of  La  Rate  Aigle,  figure  2,  plate  6, 
differing  from  it  only  in  that  the  tail  is  shown  bent  to  the  left  side,  i.  e., 
it  is  a  mirror  image  of  Lac6p&de's  figure.  However,  one  wades  through 
the  mass  of  Lac^pMe's  verbiage  about  an  eagle  ray  found  in  the  Mediter- 
ranean without  finding  any  reference  to  the  figure  bearing  the  same  title 
until  in  the  concluding  paragraphs  the  real  facts  appear. 

It  seems  that  there  had  fallen  into  Lac6pdde's  hands  certain  unpublished 
manuscripts  and  drawings  of  the  naturalist  Commerson.  Among  these 
were  the  figure  and  description  of  an  eagle  ray  which  he  had  found  in  the 
waters  around  Madagascar  and  the  Isles  of  France.  This  figure  Lac^pide 
published  and  labeled  La  Rate  Aigle;  Shaw  in  turn  appropriated  and 
published  it  as  Raja  guttata ^  without  giving  Lac6p^de  any  credit  whatever, 
and  merely  mentioning  Commerson,  as  has  been  shown.  Shaw  identifies 
his  Raja  guttata  with  Russell's  Eel  Tenkee  and  Marcgrave's  Narinari,  but 
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(as  has  been  shown  elsewhere)  this  is  probably  incorrect.  We  are  not  even 
sure  that  it  is  an  Aetobatus,  since  the  teeth  are  not  described.  Figure  20, 
plate  VIII,  is  a  photograph  of  this  Shaw-Lac^p^de-Commerson  figure. 

The  only  other  reference  to  this  ray  which  the  writer  has  found  is  in 
Annandale's  "Batoidei  of  the  Indian  Ocean"  (1909).  This  author  says 
that  it  is  very  common  in  the  Bay  of  Bengal.  From  his  three  (two  young, 
one  mature)  specimens,  Annandale  thus  describes  its  color: 

Dorsal  surface  of  young  of  a  uniform  dark  slate-gray,  without  trace  of  spots.  The 
spots  of  the  disk  on  the  adult  are  confined  to  the  posterior  half.  They  are  of  a  bluish  tint 
and  are  edged  with  a  faint  greenish  halo.  Their  size  varies  considerably.  The  ground  color 
of  the  back  of  the  adult  has,  in  fresh  specimens,  a  beautiful  greenish  refulgence. 

Text-figure  6,  from  Annandale,  gives  the  under  side  of  the  head  of  each 
of  the  three  definitely  established  AStobatines,  A.  narinari^  A,  flagellutn, 
A,  guttata.  The  subjoined  table,  in  which  certain  characters  in  these  three 
rays  are  compared,  is  also  from  Annandale.  The  data  for  A.  narinari  are 
taken  by  Annandale  from  Jordan  and  Evermann's  text  and  figures  (1896 
and  1898),  that  for  the  other  two  from  fresh  specimens  of  the  Indian  forms. 

It  will  be  noted  that  Annandale's  description  agrees  with  Lac^pMe's 
figure  quite  well.  It  is  to  be  regretted  that  he  has  not  given  us  a  more 
minute  description  of  this  ray,  whose  very  existence  has  been  much  doubted, 
and  especially  that  he  has  not  given  us  a  figure.  In  his  paper  he  does  not 
indicate  that  A,  narinari  is  found  in  the  Indian  Ocean,  and  possibly  if 
the  matter  were  gone  into  with  sufficient  care  and  accuracy  it  might  be 
found  that  all  these  Indian  and  Pacific  Aetobatines  with  spots  only  on  the 
posterior  half  of  the  body  belong  under  A,  guttata. 


Character. 


Snout. 


Coloration  of  dor- 
sal surface. 


Size 

HabiUt. 


A.guUata, 


Conical.  blunUy  pointed, 
distinctly  retroverted.  at 
least  as  broad  at  the 
base  as  long. 

Uniform  dark  slate  gray  in 
the  jroung,  ornamented 
with  bluish  spots,  which 
are  confined  to  the  pos- 
terior half  of  the  disk  hi 
the  adult. 

Diameter  of  disk  hi  adult 
at  least  xas  cm. 

Tropical  parts  of  the  Indian 
Ocean. 


A.  narinari. 


Rounded  at  the  tip.  much 
broader  at  the  base  than 
long,  straight  (?). 

The  whole  disk  indudhig 
the  head  covered  with 
whitish  spoU  both  hi  the 
jroung  anid  the  adult. 


Diameter  of  disk  hi  adult 
Sx  cm. 

Both  sides  of  the  Atlantic; 
Gulf  of  Guinea,  Ameri- 
can coast  as  far  north  as 
Virghiia.  West  Indies. 


A,fiatiMum. 


P«>intcd.  straight,  much 
longer  than  broad  at 
the  base. 

Disk  hi  the  adult  of  a 
uniform  dark  grenish 
brcMue  color,  without 
spots. 


Diameter  of  disk  hi  adult 

47  cm. 
Red  Sea.  Bay  of  Bengal. 


Since  the  above  was  written,  I  have  received  a  copy  of  Annandale's 
second  paper  (1910),  which  very  satisfactorily  explains  the  lack  of  spots 
on  the  anterior  parts  of  A,  narinari.     He  is  quoted  in  full  on  page  271. 

AfiTOBATUS   LATIROSTRIS. 

August  Dum^ril  in  1861  described  from  the  region  of  the  Gaboon  River, 
west  Africa,  a  new  Aetobatine,  A.  latirostris,  differing  from  A.  narinari  in 
having  a  shorter  and  broader  snout,  with  more  pronounced  cephalic  fins, 
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and  fewer,  larger,  and  more  widely  spaced  spots;  further,  the  posterior 
appendages,  tail,  and  ventral  fins  are  much  more  markedly  separated  from 
each  other  and  from  the  hinder  part  of  the  pectorak.  His  plate  is  herein 
reproduced  as  figure  8,  plate  iv.  Dum6ril  states  that  50  spots  on  the 
pectorals  averaged  8  to  9  mm.  in  diameter,  while  100  spots  from  the  same 
region  in  A.  narinari  averaged  4  to  6  mm. 

In  1869,  Gunther  found  a  spotted  ray  from  the  Bay  of  Panama  to  be 
almost  identical  with  the  foregoing,  differing  from  it  only  in  that  "the  soft 
rostral  appendage  is  naturally  turned  upwards  like  the  nose-leaf  in  certain 
Chiroptera,  and  is  not  stretched  forward  as  represented  by  M.  A.  Dum6ril." 
This  may  be  true  of  this  form,  but  fresh  Key  West  and  Beaufort  specimens 
have  the  snout  almost  straight  (see  figures  in  plate  vi).  Specimens  in 
formalin  have  the  rostral  parts  somewhat  distorted,  the  snout  being  more 
tilted  than  in  nature.  Specimens  kept  in  a  barrel  had  the  snouts  badly 
distorted  by  pressure  against  the  sides  of  the  barrel.  Gunther's  preserved 
specimen  had  probably  suffered  in  the  same  way. 

In  1870  volume  8  of  Gunther's  "Catalogue  of  the  Fishes  in  the  British 
Museum"  appeared  and  in  1880  his  "Guide  to  the  Study  of  Fishes"  was 
published.  In  neither  is  there  reference  to  any  Aetobatine  other  than 
narinari,  A.  latirostris  being  made  a  synonym  of  A.  narinari. 

Whether  or  not  these  rather  marked  differences  are  weighty  enough 
to  constitute  this  west  African  form  a  separate  species,  the  writer  is  too 
little  versed  in  taxonomy  to  say,  and  when  so  great  an  authority  as  Gunther 
pronounces  adverse  judgment,  he  can  but  keep  silent.  It  should  be  noted, 
however,  that  Gill  (1867)  recognized  that  his  A.  laticeps  is  very^  near  to 
A.  latirostris,  and  further  let  it  be  remembered  that  Jordan  (1895  and  1898) 
finally  rejects  A.  laticeps  as  not  being  specifically  different  from  A.  narinari. 

UNESTABLISHED  GENERA  AND  SPECIES. 

It  will  be  recalled  that  in  1816,  Blainville  enumerated  ten  species  under 
the  genus  Aeiobatus.  Of  these  narinari  and  flagdlum  seem  to  be  genuine, 
iiHiile  fiUcaudatus,  nichhofii,  ocellatus,  fosteri,  etc.,  seem  to  fall  under  other 
genera  of  the  family  Myliobatidae  or  may  possibly  be  duplicate  names  of  other 
Aetobatines. 

In  1823,  Temminck  published  a  letter  from  Van  Hasselt,  in  which  the 
latter  speaks  of  establishing  a  new  species,  Myliobatus  cyclura,  very  similar 
to  Russell's  spotted  ray.  The  language  is  so  obscure  and  the  description 
so  imperfect  that  I  have  been  able  to  make  out  only  the  fact  that  Van 
Hasselt  thought  that  he  had  a  ray  dififering  from  Russell's  ray  only  in 
specific  characters.    This  reference  seems  to  be  entirely  isolated. 

Richardson  (1846),  in  his  "Ichthyology  of  China,"  lists  a  ray  under 
this  heading  **?Myliobaiis  ocvleus.''  His  description  is  taken  from  an 
unpublished  drawing  in  Reeves's  collection.  He  is  undecided  whether 
this  beautifully  spotted  ray  is  "a  Myliobatis  or  Aetobatis  which  is  perhaps 
only  a  variety  of  M.  maculatus.**    He  did  not  see  the  fish  and  hence  could 
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say  nothing  of  the  jaws,  the  deciding  structures.  Gunther  (1870),  however, 
makes  this  name  synonymous  with  AT.  milous. 

Gill  (1893)  gives  the  name  A,  ienuicaudatus  for  an  Australian  form, 
making  it  synonymous  with  Hector's  Myliobatis  Unuicaudatus.  Reference 
to  Hector  (1877),  however,  throws  it  out  of  the  genus  Aetobalus,  since  it 
has  teeth  in  seven  rows  in  each  jaw. 

Starks  and  Morris  (1907),  in  their  paper  on  the  "Marine  Fishes  of 
Southern  California,"  list  an  Aeiobatus  califomicus.  However,  Mr.  Starks 
in  a  recent  letter  to  the  present  writer,  says  that  this  ray  does  not  have 
angled  teeth  and  that  he  now  calls  it  Myliobatis  califomicus. 

Last  of  all,  Gunther  (1910)  reverts  to  the  fact  that  in  1870  he  put  all 
Aetobatines  into  one  species,  A.  narinari,  notes  that  the  characters  upon 
which  the  species  are  based  consist  of  difiFerences  in  the  length  of  the  snout 
and  in  the  distribution  of  the  spots,  and  concludes  by  saying  that  he  is 
not  yet  persuaded  that  he  was  in  error  in  1870,  since  forms  with  snouts 
intermediate  between  long  and  short  and  forms  with  and  without  spots 
are  of  frequent  occurrence. 

However,  on  turning  a  page  we  find  this  author  describing,  under  the 
name  Aiiobaiis  punctata,  a  spotted  ray  from  the  south  Pacific  synonymous 
with  Miklouho-Maclay  and  Macleay's  Myliobatis  punctatus  (1886).  The 
plate  of  these  latter  writers,  giving  various  views  of  this  fish,  is  reproduced 
herein  as  figure  21,  plate  viii.  If  this  is  not  sufficient  to  throw  this  ray  out 
of  the  genus  Aetobatus  (see  mouth  in  the  figures)  then  let  it  be  recalled  that 
these  writers  in  their  text  say  **  Teeth-plates  of  many  longitudinal  rows  of 
teeth  "  (see  their  drawing).  That  it  is,  however,  a  transitional  or  intermedi- 
ate form  would  seem  to  follow  from  the  further  statement  that  the  middle 
rows  of  teeth  are  largest  and  that  the  teeth-plates  of  the  upper  jaw  are 
nearly  twice  as  wide  as  the  lower,  the  proportion  being  that  of  48  to  27. 

Snyder,  in  his  "The  Fishes  of  Okinawa,  One  of  the  Riu  Kiu  Islands'' 
(1912),  lists  a  species,  Aetobatis  tobijei,  new  to  the  present  writer,  but  gives 
no  data  whatever  about  it.  But  Jordan  and  Fowler  (1903),  in  their  "Re- 
view of  the  Elasmobranchiate  Fishes  of  Japan,"  call  this  same  ray  Mylio- 
batis  tobijei  and  note  that  its  teeth  are  pavement-like  in  several  series  in  each 
jaw.  Furthermore  Bleeker  (1854),  the  original  describer  of  this  ray,  names 
it  M.  tobijei  and  says  ** Upper  jaw  broader  than  long  with  laminated  teeth; 
lower  longer  than  wide,  with  median  hexagonal  teeth  varying  from  more 
than  twice  to  more  than  three  times  broader  than  wide."  From  this  we 
see  that  Snyder's  fish  is  not  an  Aetobatus  at  all,  but  a  Myliobatis. 
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SYNONYMY. 

Synonymy  of  the  Spotted  Eagle  Ray,  Aetobatus  narinari,  in 
Chronological  Order. 

1 61 4.  Narinnary,    Abbeville,  Hist.  Mission  P^res  Capucins  Isle  Maragnan,  p.  245,  Brazil. 

1633.  Narrinnari,    Laet,  Novus  Orbis,  Seu  Descript.  Indiae  Occid.,  p.  616,  Brazil. 

.  Narinari,    Johann  Moritz  von  Nassau  Siegen,  Brazilianisch  NaturgegenstSnde,  I, 

Tafel332,  Brazil. 
.  Narinari,    Theatri  Return  Naturalium  Brasilise,  Tome  i,  Icones  Aquatilium,  fig.  31 » 

Brazil. 
1648.  Narinari.    Marcgiave,  Historia  Rerum  Naturalium  Brasiliae,  pp.  175-176,  figure, 

Brazil. 
1648.  Narinari.    Piso,  De  Medicina  Brasiliensi,  p.  44,  Brazil. 
1658.  Narinari.    Piso,  Historia  Naturalis  &  Medica  Indiae  Occidentalis,  pp.  58  and  293, 

figures,  Brazil. 
1686.  Narinari.    Willughby,  De  Historia  Pisdum,  p.  66,  tab.  C,  fig.  5. 
1697.  PasHnaca  marina.    Sloane,  Phil.  Trans.,  vol.  xix,  pp.  674-676,  figure,  teeth,  Jamaica. 
1 7 13.  Narinari.    Ray,  Synopsis  Methodica  Avium  &  Piscium,  p.  24. 
1718.  Narinari.    Ruysch,  Theatnim  Universale  Omnium  Animalium,   Piscium,  etc.,  p. 

146,  tab.  xxxDC,  fig.  6. 
1725.  Whip  Ray.    Sloane,  Natural  History  of  Jamaica,  pp.  276-277,  Jamaica. 
1756.  Whip  Ray.    Browne,  Civil  and  Natural  History  of  Jamaica,  p.  459,  Jamaica. 
1767.  Narinari.    Jonston,  Historia  Naturalis  de  Pisdbus  et  Cetis,  pp.  208-209,  tab.  xxxix, 

fig.  6. 
1790.  Raja  narinari.    Euphrasen,  Kong.  Svens.  Vet.  Nya  Handl.,  xi,  pp.  217-219,  tab.  X. 

First  binomial  name,  species  established.    St.  Bartholomew,  West  Indies. 
1792.  Raja  narinari.    Walbaum,  Artedi's  Bibliotheca  Ichthyologica,  in,  p.  528. 
1 801.  Raja  narinari.    Bloch  and  Schneider,  Systema  Ichthyologiae,  p.  361. 
1803.  Raja  ocellata.    Russell,  Fishes  of  Coromandel,  p.  5,  pi.  vni,  Coromandel. 

1816.  Aitobatus  narinari.    Blainville,  Journal  de  Phys.,  de  Chem.,  et  d'Hist.  Nat.,  Lxxxiii, 

pp.  261-262.    Generic  name  first  established. 

1 81 7.  Raja  narinari.    Cuvier,  Le  R^^ne  Animal,  t.  n,  p.  138. 

1830.  MyUobatis  narinari.    Bennett,  Memoir  Life  of  Raffles,  p.  694.    East  Indies. 
1835.  MyUobatis  eeltenkee.    Ruppell,  Fische  des  Rothen  Meeres,  Neue  Wirbelthiere,  Fauna 
Abyssinien,  pp.  70-71,  fig.  teeth.  Red  Sea. 

[MyUobatis  narinaH.J  »  *"'*  ^'  **''•  ^*'  ^^  *  *"**  5  (all  teeth). 

1839.  Aitobatis  indica.    Swainson,  Nat.  Hist.  Fish,  n,  p.  321. 
1 84 1.  Aitobatis  narinari.    Mdller  and  Henle,  Systematische  Beschreibung  Plagiostomen, 

pp.  1 79-1 81.    The  form  first  definitely  established  under  full  diagnosis  of 

characters. 
1 81 7.  MyUobatis  narinari.    Cuvier,  Le  R^^ne  Animal,  vol.  Poissons,  pi.  118,  No.  4a  (teeth). 
1844.  Raja  edentula.    Forster  (Lichtenstein  ed.)  Descriptiones  Animalium,  etc.,  pp.  227- 

229,  South  Seas. 

^   \Aiiobatis  narinari.    Owen,  Odontography,  pp.  46-48,  pi.  16,  fig.  i  (section  through 
184V  dried  head). 

1849.  Stoasodon  narinari.    Cantor,  Jour.  Asiatic  Soc.,  Bengal,  xviu,  pp.  434-435>  Bay 

Bengal. 
1852.  Aetobatis  narinari.    Bleeker,  Verh.  Bataav.  Gen.  Kunst.  en  Weten.,  xxiv,  p.  88, 

East  Indies. 
1859.  Goniobatis  meleagris.    Agassiz,  Proc.  Bost.  Soc.  Nat.  Hist.,  vi,  p.  385,  Sandwich 

Islands. 
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1861.  Aetohatis  narinari.  Dum^ril,  Arch.  Mus.  Hist.  Nat.,  x,  pp.  241-243,  pi.  20,  fig.  2 

(head). 

1865.  AHobatis  narinari,  Dum^,  Hist.  Nat.  Poissons,  i,  p.  640. 

1865.  AHohatis  narinari.  Day,  Fishes  of  Malabar,  pp.  280-281,  Indian  Ocean. 

1867.  AHohatis  kUiceps.  Gill,  Ann.  Lye  Nat.  Hist.  New  York,  viii,  p.  137. 

1870.  AJUobaUs  narinari,  Gttnther,  Cat.  Fishes  Brit.  Mus.,  vin,  pp.  492-493. 

1 87 1.  AUchatis  narinari,  Klunzinger,  Verh.  K.  K.  Zool-Botan.  Gesell.  Wien,  xxi,  pp. 

685-686,  Red  Sea. 
1877.  AHohatis  narinari.    Yarrow,  Proc.  Acad.  Nat.  Sci.  Phila.,  xxix,  p.  216.     Beaufort. 

Day,  Fishes  of  India,  11,  p.  743,  fig.  4,  pi.  cxciv.     Indian  Ocean. 

Jordan  and  Gilbert,  Proc.  U.  S.  Nat.  Mus.,  i,  p.  386,  Beaufort. 

Ganther,  Introd.  Study  Fishes,  pp.  344-3451  fig-  130. 

Poey,  Fauna  Puerto-Riquefia,  p.  349. 

Jordan  and  Gilbert,  Synopsis  Fishes  North  America,  p.  50. 

Stahl,  Fauna  de  Puerto  Rico,  pp.  81  and  167. 

Douglas-Ogilby,  Proc.  Linn.  Soc.,  New  South  Wales,  x,  p.  466, 
New  South  Wales. 

1886.  AHohatis  narinari,    Gfinther,  Encyc  Britan.,  xx,  p.  300,  fig.  3. 

1887.  Stoasodon  narinari,    Jordan,  Proc.  U.  S.  Nat.  Mus.,  ix  for  1886,  pp.  26  and  558, 

Beaufort  and  West  Indies. 
1895.  Stoasodon  narinari,    Henshall,  Bull.  U.  S.  Fish  Comm.,  xiv,  p.  210,  W.  Coast  Florida, 
1895.  AHobatus  narinari,    Jordan,  Proc  Calif.  Acad.  Sci.,  ser.  2,  v,  p.  381,  West  Coast  of 

Mexico. 
i^6\AHohatus  narinari.     Jordan  and  Evermann,  Fishes  North  and  Middle  America. 
1900/  I,  88;  IV,  pis.  XV  and  xvi,  figs.  37  and  37a. 

iS^\AHohatus  laticeps.     Jordan  and  Evermann,  Fishes  North  and  Middle  America,  i, 
1898J  p.  88-89;  III,  p.  2753. 

1900.  Altohatus  narinari,    Evermann  and  Marsh,  Bull.  U.  S.  Fish  Conmi.,  xx,  pt.  i,  p.  67. 

Porto  Rico. 

1 90 1.  AHohatis  narinari. 

Laysan. 

1904.  AHohatus  narinari, 

1905.  Stoasodon  narinari. 


1878.  AHohatis  narinari, 

1879.  Aetohatis  narinari, 

1880.  AHohatis  narinari, 

1 88 1.  AHohatus  narinari, 

1882.  Aitohatis  narinari, 

1883.  AHohatus  narinari, 
1886.  AHohatis  narinari. 


Steindachner,  Denk.  Kais.  Akad.  Wiss.,  Wien,  LXX,  p.  5I7» 


Jenkins,  Bull.  U.  S.  Fbh  Comm.,  xxii,  p.  421,  Honolulu. 
Jordan  and  Evermann,  Bull.  U.  S.  Fish  Comm.,  xxni,  pt.  i. 
pp.  49-50,  Hawaii. 
1905.  Stoasodon  narinari,    Jordan  and  Thompson,  Bull.  U.  S.  Bureau  Fisheries,  xxiv, 

p.  232,  Tortugas. 
1905.  ABtohatus  narinari,    Jordan,  Guide  to  Study  of  Fishes,  i,  p.  557. 

Smith,  Fishes  of  North  Carolina,  p.  46,  Beaufort. 
Jordan  and  Seale,  Bull.  U.  S.  Bureau  Fisheries,  xxvi,  p.  4, 


1907.  AHohatus  narinari, 
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Fig.  3.  Xariuari^  after  Marcj^rave's  water-color  painting::  in  the   Royal  Library 

of  Berlin.     Brazil,  1648. 
Fig.  4.  Narinari,  after  Poste's  oil  paintinjr  in  the  Roval  Library  of  Berlin. 

Brazil  1648. 
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GUDGER 


PLATE  III 


Fig.  5.  Raja  narinari^  after  Euphrasen,  1790,  West  Indies. 
Fig.  6.  Raja  ocellala,  after  Russell,  1803,  Coroniandel. 
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GUDGBR  PLATE  IV 


Fig.  7.  A.  Tail  of  Raja  quinqueaculata,  after  Quoy  and  Gaimard,  1824,  Guam.      B.  Tail  of 

A.  narinari,  Beaufort. 
Fig.  8.  A.  A.  latirostris;  B.  A.  narinari;  C.  A.  fouet{A.  flagellum?)  after  A.  Dumiril,  1865. 
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Aetobatus  narinari  and  Embr>'os.    After  Coles  1913. 
A.  narinari  (Euphrasen);  female,  7  ft.  2  in.  in  diameter,  and  the  four  embryos 

to  which  she  gave  birth  at  intervals  of  a  few  seconds,  on  the  beach.      Cape 

Lookout,  N.  Carolina. 
Fig.  9.    Seen  from  the  side.      FiG.  10.    From  in  front.      Fig.  11.    From  below. 

In  figure  9  note  unusual  coloration  consisting  of  ocelli  instead  of  white  spois. 
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Fio.  12.   Lateral  view  of  head  of  /I,  narinari,  Beaufort,  1910  (fresh  si^ecimen). 

12a.  --/.  narinari,  an  albino  female  taken  at  Cape  Lookout,  1913. 
Fig.  13.  Lateral  view  of  A.  narinari,  Beaufort,  1909  (formalin  specimen). 
Fig.  14  and  14A.  Heads  of  A.  narinari,  Beaufort,  1910  (fresh  specimen). 
Fig.  15.  Head  of  specimen  shown  in  figure  13. 
^FiG.  16.  Front  view  of  Spotted  Eagle  Ray,  Beaufort,  1910  (fresh  specimen) 
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Fig.  17.    A.  narinari,  young,  after  Annandale,  1910,  Bay  of  Bengal 
Fig.  18.  Embryo  of  Spotted  Eagle  Ray.     One  of  the  four  obtained  from 
the  ray  shown  in  Plate  V. 
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Fig.  19.  Ventral  view  of  head  of  ray  shown  in  figures  13  and  15,  plate  VI. 
Fig.  20.  A.  guttata,  after  Shaw-Lace pede-Commerson. 

Fig.  21.     Myliobatis  punctatus^  after  Miklouho-Maclay  and   MacLeay,   1886, 
Hermit  Islands. 


Digitized  by 


Google 


Digitized  by 


Google 


GUDOSR  PLATE  IX 


Fig.  22.  Side  view  of  jaws  of  A.  narhiari  from  Beaufort. 
Fig.  23.  Jaws  of  A.  narinari  seen  from  above. 
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Pig.  24.  Raja  fli\^c Hum,  after  Bloch  and  Schneider,  1801. 

Fig.  25.  Aetobattis  flagcllum^  after  Annandale,  1910,  Bay  of  Bengal. 
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